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FOREWORD
We have all heard that the watertable in the agricultural region of WA is rising and those
monitoring observation bores and piezometers know it!  Water balance problems are causing at
the very least waterlogging and at worst salinity, turning valuable agricultural land to wasteland
as well as damaging the wider environment, water resources and man made infrastructure like
buildings and roads.
We should question our present farming systems and practices and obtain the clearest
understanding of water in the landscape, including its effects if not managed or the benefits and
opportunities if fully utilised.  Through questioning researchers, advisers and consultants, we in
the farming community will gain the knowledge and confidence to devise appropriate systems
that we can implement.  Salinity is only a symptom of a farming system where water use is out
of balance.  To me it represents a misused resource or an opportunity lost.  Understanding and
addressing the causes of rising watertables by using a mix of options should halt the spread of
salinity.
What happens to water once it enters the soil?  Is it a local or regional issue? Is it affected by
geologically different soil types?  Can we balance water use in annual crop or pasture systems,
particularly where a sizable proportion of rainfall occurs outside the growing season?  Can a
high yield crop or pasture package use more water?  From crop establishment to early tillering
there is a time of low water use with little leaf area for transpiration, undeveloped root systems
combined with the slowest period for photosynthesis in the cold and overcast days of winter.
Where do perennials fit into the system, and if grazed, are they of value if the leaf area for
transpiration is removed?.  Do summer weeds do us a favour by using ground moisture?
What role can native vegetation take, either remnant or planted, when in the natural state 100%
of the landscape is covered to maintain a balance?  Some native species appear to be able to
put on compensatory growth when given more space and access to water.  There is evidence
however that many remnants are being drowned or affected by the rising saline watertables.
Is there a place for exotic, high water use trees to act as pumps, strategically placed to balance
the system?  The combined benefit of windbreaks and commercial returns could be attractive.
Is there potential for a switch to some form of tree farming or biomass farming?  Where in the
landscape should high water use systems and trees be placed to make best use of rainfall to
prevent rising watertables and hence salinity?  Should treatments be on the discharge areas, on
the break of slope or on the recharge areas?
Is there a role for drainage, shallow or deep?  Where do you dispose of the effluent and what
impact will it have on the environment?
With these questions and the stimulation of many more, we hope we can jointly find some
answers and during the process, uncover great opportunities for land management.
Gary English
Ruth Kirchner
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THE CATCHMENT WATER BALANCE
AND
WATER FLOW THROUGH THE LANDSCAPE
Bob Nulsen
Natural Resource Management Services, Agriculture Western Australia, South Perth
Water in the Landscape
Water storage in, and movement through, the landscape is a complex process.  Because, with
the exception of rainfall and run-off, the water movement cannot be seen, it has become subject
to a great deal of myth and legend which is often far removed from fact.
Water has been largely responsible for shaping the landscape through erosion and deposition; it
is essential for our agricultural production and is one of the few free inputs into the production
process, and it is also responsible for some of the major forms of land degradation from which
we now suffer.
The quantities of water in even a relatively small catchment are very large.  A millimetre of
water on a hectare is 10,000 litres (or 10 cubic metres) and weighs 10 tonnes.  So in a
10,000 ha catchment in a 400 mm rainfall zone the annual deposition of water is 40 million m3
or 4,000 t/ha.  Considering that a good wheat yield in such an environment might be 4 t/ha then
1000 tonnes of water has been involved in producing each tonne of grain.
To manage water in the landscape we need to understand the quantities involved and which
components of the water balance we can manipulate.
Catchment Water Balance
A catchment water balance is, in concept, a simple accounting exercise.  Within a catchment
water is neither created nor destroyed and thus what comes in must be balanced by what goes
out and any change in storage.  In a discrete catchment the only water input is rainfall (P).  The
outflows are the surface runoff (R), groundwater flow (G) and evaporation (E + T) which
comprises evaporation from the soil surface, from free water surfaces and via transpiration
from the vegetation.  The change in storage can occur as a change in the soil water content (∆S),
a change in groundwater levels (∆H) and a change in surface storage in dams, lakes etc (∆D).
Thus:
P = R + G + (E + T) + ∆S + ∆H + ∆D ...(1)
where all terms are expressed in terms of depth of water over the catchment.
In considering the catchment water balance it is convenient to think of it as two linked
components - the soil water balance and the groundwater balance.
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The soil water balance
Defining the soil as that part of the regolith1 that supports plant growth then the effective depth
for considering the soil water balance is the rooting depth of the vegetation.  Thus for a
catchment, or discrete area of soil the water balance is:
P = R + (E + T) + U + ∆S ...(2)
where U is the amount of water that drains beyond the root zone of the plants and E is the
evaporation from the soil surface and the transpiration.
Prior to clearing U was very small (typically less than 1mm/year in the central wheatbelt) and
∆S on an annual basis was essentially zero.  So the pre-clearing soil water balance could be
simply expressed as:
P = R + (E + T) ...(3)
The rainfall was balanced by the runoff and the evaporation.
After clearing, R increases, (E + T) decreases as a consequence of replacing the deep rooted,
perennial vegetation with shallow rooted, annual crops and pastures, ∆S stays essentially zero
on an annual basis and U increases.  The increase in U is not very large and may be only 5 to 20
mm/year, but when the increase in U gets to the groundwater system we start to have problems
if there is any salt in the system.
The groundwater balance
The input, or recharge, to the groundwater in a discrete catchment is U.  So any water that gets
beyond the root zone of the vegetation can be considered a contribution to the groundwater.
There will be other contributions such as leakage from dams and lakes and direct inflow down
the side of rock outcrops but on a catchment basis in the Western Australian environment these
are minor.
The output from the groundwater is the groundwater discharge that can occur as flow into
streams, springs and soaks or as direct discharge to the soil surface as a seepage.
When the recharge is not balanced by the discharge, there will be a change in groundwater
storage reflected as a change in the watertable level.  Therefore the groundwater balance for a
catchment can be expressed as:
U = G + ∆H ...(4)
The problem we have after clearing is that the recharge is greater than the discharge, and thus
the balance is achieved by an increase in watertable levels.
1 The regolith is material from the soil surface down to solid basement rock
Increasing Plant Water Use To Reduce Salinity - Esperance Seminar 1996 6
Water Flow Through Soils
Water flow through soils depends on the soil type and the water content of the soil.  A soil
consists of solid particles ranging in size from rocks and pebbles of greater than 2 mm
diameter, through sands (2 - 0.02 mm), silt (0.02 - 0.002 mm) to clay (<0.002 mm).  The finer
the particles the smaller the pore spaces between them through which water can flow.  Hence
water flow through clays is much slower than through sands.  The inherent property of soils
which describes its capacity to transport water is the hydraulic conductivity (K).
The rate of water transport through a soil is a function of the hydraulic conductivity and the
hydraulic gradient.  The hydraulic conductivity is very dependent on the water content of the
soil.  In unsaturated soil the hydraulic conductivity decreases very quickly as water content
decreases.  For example, for a sandy loam the hydraulic conductivity at 20% water content may
be 0.02 mm/day while at 30% it is around 20 mm/day.  The mathematics of describing water
flow in unsaturated soils is complicated.  It is sufficient for the purposes of this paper to
recognise that water flow in unsaturated soil is slow.
For a saturated soil (one in which all the pore spaces are filled with water) the rate of flow (v)
is very simply described by Darcy's Law:
v = -Ks (∆H/∆z) ...(5)
where Ks is the saturated hydraulic conductivity and (∆H/∆z) is the saturated hydraulic gradient
- the slope of the watertable.  This applies to perched groundwater systems such as occur with
waterlogging and to flow in the deeper groundwater system.
Cracks, old root channels, earthworm holes etc. provide ideal channels for water flow.  They
are only operative when the soil at their entry point is saturated.  However, in fine textured
soils they can transmit relatively large quantities of water compared to the soil matrix.  In a clay
soil a 2 mm diameter hole can transmit water at the same rate as 1.3 m2 of clay; a 4 mm hole the
same as 21 m2 of clay.  Since these holes will be very effective under waterlogged conditions,
alleviation of waterlogging is one way to reduce their impact on recharge.
Groundwater Aquifers
An aquifer is generally defined as a saturated permeable geological unit that can transmit
significant quantities of water under ordinary hydraulic gradients.  An aquiclude is a saturated
geological unit that is incapable of transmitting significant quantities of water under ordinary
hydraulic gradients.  An aquitard is in between the two and may be permeable enough to
transmit water in quantities that are significant in the study of regional groundwater flow, but
the permeability is not sufficient to supply water to a production well.
A confined aquifer is one that is sandwiched between two aquicludes or aquitards.  Confined
aquifers occur at depth and when a piezometer is inserted into them the water level in the
piezometer usually rises above the upper surface of the aquifer, or may even rise above the
ground surface.  This water level is called the piezometric surface.
An unconfined aquifer is one in which the upper surface is the watertable.  The water level in
an observation well inserted into an unconfined aquifer measures the watertable level.  It
cannot rise above the surface unless the surface is flooded.
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In the agricultural areas of WA most of the deeper aquifers are semi-confined and there is some
leakage either into them or, if they are under pressure, upwards towards the surface.
Unconfined aquifers are typically the shallow aquifers associated with sandplain seeps and
waterlogging.
Groundwater Flow
Groundwater flow behaves similarly to saturated flow in the soil as described by equation 5.
In most of our aquifers the saturated hydraulic conductivity is relatively low and rarely exceeds
1 m/day.  The gradient of the watertable, or the hydraulic gradient, is also very low and is
rarely greater than the topographic gradient (slope of the land surface).  So in a catchment with
a hydraulic gradient of 1% (1m fall in 100m) and Ks = 1 m/day the velocity of water flow (v)
is:
v = 1 x 0.01 = 0.01 m/day (or 1 cm/day)
So in a year the water will travel about 3.6 m - not very far.  Even if the estimate of Ks is out by
a factor of 10 the velocity is very low.  The gradient governs the rate of groundwater movement
in most WA catchments.
Preferential flow through cracks, old root channels etc can also be significant for groundwater
flow.  Preferential flow is often observed in active saline seeps.
Specific yield
When water is withdrawn from an aquifer the fall in the water level in the aquifer is many times
greater than the depth of water that is withdrawn.  The ratio between the depth of water
withdrawn and the fall in the water level is termed the specific yield (Sy).  A similar situation
occurs when water is added to an aquifer.  The reason for this is illustrated in Figure 1.  Above
the watertable most of the space is occupied by either solid material or films of water
surrounding the solids and filling the small pores.  Only the air-filled spaces have to be filled
with water to effect a relatively large rise in the watertable.
In most of the aquifers in the agricultural areas Sy is between 0.02 and 0.1.  Thus, when Sy =
0.02 the watertable will rise by 50 mm for every mm of water added; when Sy = 0.1 the rise
will be 10 mm for every mm added.
So if the annual rate of watertable rise is 300 mm, then the actual amount of recharge will be
between 6 and 30 mm - not a lot of water but enough to eventually cause a major problem.
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Figure 1. Schematic of the air-filled spaces immediately above a watertable.
Measuring Groundwater
The groundwater measure of most significance to land salinisation is the depth to the
watertable.  This is measured with an observation well (Figure 2).  In an observation well,
water can freely enter the slotted casing along its entire length.  A piezometer inserted into the
deeper aquifers measures the pressure of the water over the slotted casing interval at depth.  As
shown in Figure 2 this pressure may be above ground level, while the watertable as measured
in an observation well is below ground level. Piezometers are useful tools for hydrologists in
their quest to understand the hydrology of a catchment but the observation well is the tool that
land managers should use to monitor the effect of their land use on water levels.
Figure 2.
Construction
details of a
piezometer and an
observation well.
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The Volumetric Water Balance - Why We Need to Manage the Whole Catchment
Recharge can occur in all areas of a catchment that aren't discharging.  Recharge can also occur
in an area during winter and that area can be a discharge site in summer.  So, areas of recharge
and discharge can interchange within a relatively short time.  It also seems reasonable to
assume that in most catchments there are zones of relatively higher recharge which will require
separate attention in a salinity control plan.  We need to be wary of placing undue emphasis on
these higher recharge zones and risk neglecting the rest of the catchment.  Consider, for
example, a 1000 ha catchment in which the recharge has been determined from a catchment
water balance as 20 mm per year.  The total quantity of recharge is 200,000 kL.  If 10 per cent
of the catchment has an actual recharge of 80 mm it contributes 80,000 kL, or 40 percent of the
recharge.  The remaining 60 per cent of the recharge comes from 900 ha of the catchment at a
rate of 13.3 mm per year.  If the recharge rate under the 10 percent is only twice the catchment
average, then this area only contributes 20 percent of the total recharge volume.  In both cases,
concentrating treatments on the high recharge areas will only address a small proportion of the
problem.  Treatments aimed at recharge reduction generally need to be applied to the whole
catchment.
Conclusion
If we are to successfully manage water in our catchments and agricultural systems it is essential
that we understand the quantities involved and how it moves and is stored in the landscape.
The amount of water involved and its movement can be defined by a simple accounting exercise
called a water balance.  By manipulating components of the water balance we can increase
water use and work towards reducing land degradation
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HYDROLOGICAL SYSTEMS AND MANAGING THE WATER
BALANCE at ESPERANCE, W.A.
Rod Short and Gerry Skinner
Catchment Hydrology Group, Agriculture Western Australia, Esperance Agricultural Center
The Esperance district has a population of approximately 11,000 people (Australian Bureau of
Statistics 1990) and contains approximately 1.6 million ha of cleared agricultural land.
Importantly, Esperance has an environmental uniqueness - diverse vegetation, pristine coastal
and marine ecosystems, National parks and wetlands of international significance.
The district can be broadly divided around the 450 mm annual rainfall isohyet into a mallee
area in the north and a coastal sandplain (Esperance Sandplain) in the south.  Development of
the southern part of the Esperance district began in the 1950's after trace element and nutritional
deficiencies were identified on the Esperance Downs Research Station (EDRS).
The extent of land degradation on the south coast of Western Australia and descriptions of the
hydrology, geology and physiography has been discussed in detail by McFarlane et al.(1994)
and Short et al.(1994) respectively.
A bore census and monitoring program established over the last 4 years has shown that
groundwaters are rising on the South Coast by between 0.1 and 0.3 m/year.  In many parts of the
sandplain and mallee areas of the Esperance district, saline groundwaters are within 10 m of
the surface.  Farm systems in place at Esperance are estimated to be using only 90% of the
annual rainfall and perennial species are poorly represented in the Esperance and Ravensthorpe
Shires (Hall 1994).  There is a clear and urgent need to increase plant water use in farming
systems to reduce recharge to groundwater and address water imbalance issues on the Eastern
South Coast of Western Australia.
Extent of Land Degradation and Farming Systems
In the Esperance Agricultural Advisory District, 14 Hydrogeological Zones have been
identified as shown in Figure 1.  These zones have been used as a basis for estimating the extent
of dryland salinity in cleared agricultural land. The extent of salinity in each zone was
estimated from knowledge of groundwater levels, landscapes and hydrological processes.  It is
estimated that a total of 7.5% or 122,500 ha of cleared agricultural land is currently affected by
secondary salinity.  The potential losses could be as high as 25.8 % or 422,400 ha.  Estimates
of present secondary salinity and future salinity for each hydrogeological zone is shown in
Table 1.  The salinity hazard ratings shown indicate potential severity with some areas at a
higher risk in the short term.
Secondary salinity for these estimates is considered to be agricultural land presently in
production where the root zones of plants are affected by secondary salt e.g. bare land,
presence of barley grass (Hordeum spp.) or areas of late germination in pastures.
The effect of secondary salinity on Crown land or remnant vegetation has not been included.
This can be significant where secondary salinity is affecting riparian and coastal ecosystems.
Remnant vegetation is present along the entire coastline and covers almost 100 % of Zone 12.
The coastal ecosystems are the end point for all water discharge from agricultural land.
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Figure 1 Esperance Hydrogeological Zones
Estimates of future salinity were made assuming current farming practices.  It was noted that
best management practices (i.e. better practices adopted in recent years) have probably assisted
in reducing the rate of salinity increase.  Examples of management changes include
incorporating trees in the farm management system and the adoption of minimum tillage
practices.  As each zone has different hydrogeological characteristics, the rate of increase and
eventual extent of future salinity will vary between zones.  At Esperance, areas that are most
likely to be under a short term threat from secondary salinity are generally in the 400-550 mm
rainfall areas.
At Esperance, rainfall isohyets parallel the coast line and represent broad changes in
agricultural practices with agriculture focused mainly on both cropping and livestock
production.  General agricultural practices in the district are shown in Table 2.
Table 2. Agricultural practices in relation to rainfall
Rainfall Agricultural Practice
>550 mm 80% Pasture (50/50 cattle/sheep) - 20% Cropping (80% oats-barley)
450-550 mm 60-70% Sheep, 30-40% Crop
350-450 mm 50% Crop, <50% Sheep
<350 mm Mainly Crop
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Table 1.  Estimates of secondary salinity at Esperance. WA
Est imates  o f  Secondary  Sal in i ty  a t  Esperance  -   May  1995 (14 hydro  zones)
A B O V E  4 5 0 m m  R a i n f a l l
H y d r o  Z o n e        T o t a l  A r e a   E s t  C r o w n  L a n d A g  L a n d s t  C l e a r e d  A g                   E s t Sa l in i ty  % P o t e n t i a l
N o % H a % H a H a % H a 1995 H a P o t e n t i a l H a A d d i tio n a l  l o s s  H a
1 13 276879 5 1 3 8 4 4 263035 98 257774 6 1 5 4 6 6 25 6 4 4 4 4 4 8 9 7 7
2 9 190960 3 5729 185231 95 175970 11 1 9 3 5 7 31 5 4 5 5 1 3 5 1 9 4
3A 3 6 5 6 0 2 30 1 9 6 8 1 4 5 9 2 1 90 4 1 3 2 9 5 2066 20 8266 6199
4 7 136129 2 2723 133406 99 132072 11 1 4 5 2 8 24 3 1 6 9 7 1 7 1 6 9
7 5 108463 2 2169 106294 98 104168 10 1 0 4 1 7 35 3 6 4 5 9 2 6 0 4 2
8 5 9 5 8 1 6 2 1916 9 3 9 0 0 70 6 5 7 3 0 4 2629 10 6573 3944
9 5 105355 2 2107 103248 95 9 8 0 8 6 10 9809 35 3 4 3 3 0 2 4 5 2 1
11 2 4 7 4 6 3 30 1 4 2 3 9 3 3 2 2 4 95 3 1 5 6 3 2 631 5 1578 947
12 8 170182 95 161673 8509 100 8509 2 170 5 425 255
Totals 58 1196849 18.7 224080 972769 94.1 915201 8.2 75074 26.0 238323 163249
B E L O W  4 5 0 m m  R a i n f a l l
H y d r o  Z o n e                 T o t a l  A r e a   E s t  C r o w n  L a n d A g  L a n d      E s t  C l e a r e d  A g                    E s t Sa l in i ty  % P o t e n t i a l
N o % H a % H a H a % H a 1995 H a P o t e n t i a l H a A d d i tio n a l  l o s s  H a
3B 9 185917 5 9296 176621 98 173089 5 8654 5 8654 0
5 4 8 5 3 3 1 0.5 427 8 4 9 0 4 95 8 0 6 5 9 4 3226 50 4 0 3 3 0 3 7 1 0 3
6 16 325017 10 3 2 5 0 2 292515 85 248638 10 2 4 8 6 4 50 124319 9 9 4 5 5
10 11 220276 0.5 1101 219175 95 208216 5 1 0 4 1 1 5 1 0 4 1 1 0
13 2 3 9 3 0 8 65 2 5 5 5 0 1 3 7 5 8 85 1 1 6 9 4 2 234 3 351 117
14 0 9346 95 8879 467 100 467 0 0 0 0 0
Totals 42 865195 9.0 77754 787441 91.8 722763 6.6 47389 25.5 184065 136675
District Totals 100 2062044 14.6 301835 1760209 93.1 1637964 7.5 122463 25.8 422387 299924
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It should be noted that other major land degradation processes are occurring throughout the
Esperance region such as wind erosion, waterlogging and the general decline in the quality of
the resource base such as soils, remnant vegetation and surface water quality.  In a soil survey
at Esperance, Overheu et al. estimated that about two-thirds of soil-landforms that were
surveyed were considered to be susceptible or very susceptible to waterlogging.  The most
affected areas occur on the Esperance Sandplain.
Hydrogeology, Climate Variability and Land Degradation Hazards
The hydrology of the Esperance region is influenced by the nature of the regolith above
unweathered basement rocks.  Secondary salinity is due to a water imbalance in the
hydrogeological cycle and slowing the rate of dryland salinity requires an understanding of
local hydrological processes.  In Figure 2, long-term monitoring of a bore near Cascade
demonstrates rises in the watertable where the affect of the wet year in 1992 can be clearly
seen.  Features of the bore and where it is located in the landscape are also shown.
Hydrogeological processes are closely related to rainfall events.  The range of solutions
available to farmers in addressing land degradation issues will be influenced by the local
climate.  Rainfall records at EDRS from 1951 onwards record an average annual rainfall of
495 mm.  In Figure 3, the distribution of rainfall since 1951 shows a wetter period (1992
particularly) followed by two notable dry years in 1994 and 1995.  Climatic extremes or
episodic events have a major effect on hydrological systems and this emphasises the need for a
commitment to long term monitoring to allow for meaningful interpretation of groundwater and
salinity trends.
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Figure 3. Annual rainfall (since clearing 1951-1954)
Hydrogeological zones have been based on geology and geomorphology using interpretations of
airborne geophysics - BMR Radiometrics and magnetics, a “QUESTEM” Electromagnetic
Survey, Landsat satellite imagery, geology maps and reports, field observations and drilling
and bore monitoring results from the current project NLP funded project “Salinity on the South
Coast of Western Australia”.  Using this information and a rating scheme, the severity of five
major land degradation hazards within each zone is shown in Table 3.
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Bore Number - Cas1D
Average Annual Rainfall - 350 mm
Location - Cascade, Esperance Mallee
                 110 km NW of Esperance
                  23 km NW of Cascade
Esperance Hydrogeological Zone 6
                AMG
                6307895 mN
                302352 mE
Elevation - 260 m AHD (approx)
Landscape position - Level to gently inclined Plain
Soil - shallow duplex soils (waterlogged)
Land Use - Cropping/pasture
Features - Long term regional ground water rise
               - Episodic response to the high rainfall events in 1986 and 1992 (1989 event not
monitored)
               - Low rainfall in 1994
               - Long term rate of rise - approximately 35 cm/yr
               - Change in water quality over time
               - Seasonal perched watertable (shallow observation bore)
Figure 2. Hydrograph showing watertable rise and monitoring bore features
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Table 3.  Severity of hazards within the 14 hydrogeological zones
Hydrogeological
Zone
Approx
Rainfall
Waterlogging Salinity Soil
Structure
Decline
Wind
Erosion
Water
Erosion
1 > 450 4 3 1 3 2
2 350-525 3 4 3 3 2
3 < 450 2 1 2 3 1
4 > 450 4 3 1 3 2
5 350-450 3 2 3 3 1
6 < 450 3 2 3 3 2
7 > 450 4 3 2 3 2
8 < 450 2 2 2 3 3
9 > 450 4 3 2 3 3
10 <350 1 1 2 2 1
11 > 450 3 2 3 2 1
12 > 550 4 3 1 2 1
13 400-450 1 1 2 1 2
14 > 375 1 1 2 1 2
Hazard ratings
1 Little or no problem expected
2 A small problem at present but may increase in the medium term
3 A moderate problem that needs attention now
4 The problem is so large that it is expensive to treat
5 Extreme problem
The Need to Increase Water Use on Farms at Esperance
On the eastern south coast, sandplain areas and the upper reaches of drainage lines have
subdued topography.  Poor drainage combined with extensive areas of duplex soils has resulted
in waterlogging and inundation being regular seasonal events.  Subsoil clays are often sodic and
the waterlogging of duplex soils can result in a salt-waterlogging interaction affecting the
growth of plants (Barrett-Lennard et al. 1990).
In the Esperance Agricultural district, rivers and drainage lines discharge into estuaries and
coastal lagoons.  Many have a high conservation value which is reflected in their National Park
or Nature Reserve Status.  The natural drainage or wetland systems around Esperance are
recognised as being Wetlands of International Importance under the Ramsar Convention.  In
recognition of the importance of these wetlands for the protection of migratory birds, parts of
the Esperance lake system are listed on the National Estate Register.  The effect on wetlands
and remaining riparian vegetation from drainage and other agricultural practices is not fully
understood.  These may include salinisation, eutrophication, inundation, siltation and invasion
from weeds and pests.  Protection of these areas may set limits for available solutions to water
management - particularly drainage from agricultural areas.
Results from the National Windbreaks research site near Mt Howick, the Esperance Downs
Research Station (EDRS) and from studies investigating an airborne electromagnetic survey
located in the Neridup Creek catchment have increased the understanding of recharge
mechanisms on the Esperance Sandplain.  Recharge processes can vary spatially and
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temporally and are dependent on the local climate, geomorphology and land use.  Identifying the
proportion of a catchment or geographical area that needs to be managed to reduce recharge is
essential in addressing water balance issues.  Through an understanding of local hydrological
processes and how they relate regionally, treatments which change the catchment water balance
can be recommended with confidence.
In the Esperance shire about 92% of land was cleared after 1953.  On the Esperance
Sandplain, the Esperance Downs Research Station was cleared in the early 1950s.  By 1988,
about 39% of the station was affected by salinity and waterlogging to some degree (McFarlane
and Ryder 1990). Soil is considered saline when the terrain conductivity exceeds 50 mS/m
using a Geonics EM 38 (ECa) in vertical orientation (Ferdowsian et al. 1996).  Using the
contours for the EM 38v survey in 1995 (Figure 4), approximately 61% of the area surveyed
(490 ha) has a conductivity over 50 mS/m with 20% over 100 mS/m (Short and Skinner 1996a).
The research station is situated within Hydrogeological Zone 4 (Short et al. 1994) and within
the Esperance land system (Overheu et al. 1993).  Zone 4 is characterised by shallow bedrock
(often less than 10 m) with a thin veneer of Tertiary sediments and deep Tertiary weathering
profiles along paleo-drainage lines.  Weathered granitic basement profiles are present as
windows in the sedimentary cover. Fine grained aeolian sand masks the underlying geology.  In
1995, watertables in this zone had a mean depth of 1.1 metres and a median value for
conductivity of 2475 mS/m.  Salt storages in the top 6 m of the regolith had a median value of
133 t/ha.
Slopes on the station are generally less than 1% particularly to the east of the highway.  Duplex
soils across the station consist of fine grained sands and lateritic gravels to a depth of
approximately 1 metre over fine to medium grained sandy clays.  Drainage lines on the station
boundaries to the south, south-east and north-west have been partly rejuvenated and exhibit
primary salinity and halophyte vegetation.  Drainage water from the eastern side of the station
enters tributaries to the Dalyup River after passing through a large block of remnant vegetation
on the western side of the Highway.  The end point for drainage waters is Lake Gore and
surrounding coastal wetlands.
Historical drilling records from 1952 (Berlait 1952) shows water levels at the time of clearing.
Seven drill holes recorded watertables to be 3.7 to 6.7 m below the surface between March to
June 1952, with three of the seven holes drilled being dry.  The saturated zone in 1952 above
basement rock, away from deep paleodrainage lines was less than 0.7 m thick.  In 1952 annual
rainfall (464 mm) was slightly below average with 1951 recording 192 mm above average
(687 mm).
Previous drilling on the Station in 1952 and drilling since 1993 recorded a granitic basement
weathering profile.  The “gritty” decomposed granitic profile overlying the basement is up to
2m thick.  A cross section showing regolith geology and watertable depths during wetter and
drier periods is shown in Figure 5.
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Figure 4. EM38v Conductivity Survey Contours (50 mS/m contours)
George (1978) estimated hydraulic conductivity (Ks) values from a rough water balance
calculation as approximately 5.5 m/day for the regolith above basement.  This value is probably
reasonable for the “gritty” decomposed granite overlying fresh rock. Kaolinitic clays and
sedimentary material overlying this zone is likely to have values possibly 2 orders of magnitude
less (0.05 m/day).  Recharge to the saprolite “gritty” layer is probably through preferred
pathways such as macropores around soil peds and old root channels.  Recharge rates may be
higher around basement highs through weathered bedrock profiles.
For the system to remain in a hydrological balance, discharge to the drainage lines through the
“gritty” layer would over the long term equal recharge across the station.  The hydraulic
gradient is towards the natural drainage lines.  In the drier period from 1994 to 1995, there was
a marked fall in groundwater levels indicating that the system does discharge continuously
through the deeper “gritty” weathered basement layer towards the present day drainage lines.
Groundwater near the drainage lines is more saline indicating that salts are being continuously
discharged at the drainage lines.
All monitored bores since 1976 have recorded a saturated zone above basement rocks.
Groundwater is usually within 1 to 2 m of the surface during winter and can fall to 3 m from the
surface in the driest periods such as experienced before May 1995 (Figure 5).  The
groundwater levels respond rapidly to rainfall events.  By July 1995, groundwater levels had
returned to within 2 m of the surface.  The removal of native perennial vegetation has allowed
an excess of water to saturate the regolith to the surface.  Increasing plant water use across the
farm will deplete water stored in the soil profile providing a buffer zone for annual rainfall
events.
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Areas of fresher water recorded in bores following rainfall may have higher recharge rates
however it is likely that the whole landscape is contributing to recharge given the shallow
watertables.  Lateral movement of water through lateritic gravels is likely to be minimal given
the low topographic relief.  Some of the fresher water may be being used by annual vegetation.
This water is available or could become available for deeper rooted perennial vegetation.
Ground based EM surveys show that up to 60% of the station to the east of the highway is
affected to some degree by primary and secondary salinity.  Until watertables are lowered on a
regular basis it will not be possible to flush or leach mobile salts from the soil profiles.
Perennial vegetation that allows for the buffering of seasonal high rainfall events is vital to
decrease and reverse salinity trends.  Changes in soil conductivity may only be seen in the
longer term when watertables are maintained at low levels in most seasons.
Monitoring of the drainage network on the station for water quality and quantity indicates that
high levels of nitrogen (N) and phosphorus (P) may be being discharged to the drainage lines
and ultimately to coastal wetland systems.  Preliminary results to date indicate high N and P
concentrations which range up to 3.5 mg/L and 11 mg/L respectively.  ANZEEC (1992) water
quality guidelines suggest that Total P should be less than 0.1 mg/L and Total N should be less
than 0.75 mg/L.
Monitoring at EDRS has provided an excellent baseline data set to compare long term changes
to the resource base as a result of different management strategies.  Other research sites at
Esperance also show the affect of clearing for agriculture on the hydrological system and
demonstrate where perennial and annual vegetation can be located to reduce recharge and
ameliorate land degradation  processes.
On the National Windbreaks Project site (NWP) at Belalie Farm to the north of Mt Howick,
investigations to date suggest that recharge rates may be higher around bedrock highs and
basement outcrops than over broader flatter areas with thick clay layers (Short and Skinner
1996b).  Groundwater in weathered Tertiary clay and weathered basement rocks is rising in
response to each year’s rainfall.  Upward discharge may be finding an annual equilibrium level
at atmospheric pressure (i.e. watertable) after each year’s recharge event.
At Belalie Farm, hydrographs, groundwater conductivity and the interpretation of geology and
groundwater flow patterns indicates there are two recharge mechanisms.  Most recharge at the
site is occurring in areas of shallow bedrock where recharge occurs through both matrix flow
and macropores.  In flatter parts of the landscape, Tertiary sediments are thicker (>10 metres)
and recharge may only be occurring through macropores when waterlogging or inundation
occurs.  Groundwater is moving down through the weathered basement profile and increasing
groundwater pressures beneath the Tertiary sediments.  The discharge of regional groundwater
may be occurring in some swamps and drainage depressions on the farm however there is no
obvious evidence of this occurring.  A map of the site (Figure 6) shows groundwater contours
and the location of shallow bedrock.
Recharge in areas where shallow bedrock occurs needs to be reduced through the use of
perennial vegetation.  Removing excess water within the shallow basement profiles will
provide a buffer for recharge from seasonal rainfall events and reduce the rate of groundwater
rise beneath the flatter parts of the landscape where Tertiary sediments are thicker.  For water
use, the focus for farm planning on flatter areas should be on addressing wind, waterlogging and
inundation issues to prevent potential recharge through macropores and to prevent annual crop
losses which can lead to wind erosion risks in late summer.
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Figure 7 shows a cross-section in the Neridup Creek Catchment to the north-east of Esperance.
Areas of shallow bedrock are closely associated with high points in the landscape.  A
QUESTEM geophysical survey in the catchment has confirmed that salts accumulate at the
breaks in slope and at low points in the landscape.  Drilling investigations show that high points
in the landscape may be areas of higher recharge and surface runoff needs to be controlled.
Perennial vegetation on slopes would control surface runoff and reduce recharge in lower parts
of the landscape.
Options for management
Farm systems in place at Esperance are estimated to be using only 90% of annual rainfall, with
perennial species poorly represented in the Esperance and Ravensthorpe Shires (Hall 1996).
There is clearly an urgent need to reduce recharge to groundwater and address water imbalance
issues on the Eastern South Coast.
In terms of water use, trees and perennial pasture systems offer the best solutions.  Hall (1996)
has shown that annual pasture systems are the major potential contributors to recharge.  Current
cropping systems require development in terms of increasing water use.
Overall, whole farm systems that use more of the available water are required.  We need to
change the current water balance and put excess water to work for us.  We have two main
solutions and one main input.  The solutions are to use the water where it falls or to safely
remove it from the system.  The input is the ingenuity, experience and management skills of each
farmer.  There is no single, universal method which will solve our water balance problem.  The
appropriate mix of treatments for each paddock, farm and catchment must be applied by all land
holders.
Using water where it falls provides the biggest and least expensive range of opportunities
available.  Obvious solutions are good agronomic practices such as weed control, plant
nutrition, time of sowing and species selection for soil type.  Less obvious solutions include
rectifying or preventing soil degradation, reducing soil compaction, controlling wind erosion,
farming on contours, using reduced tillage methods or preventing waterlogging.  All the
methods ensure healthy plants that use more water - water that won't become recharge!
Maintaining plant cover all year round, particularly perennial species, has a major place in
systems with good water use strategies.  Many studies show how perennial pastures and trees
can reduce recharge and when used strategically can lower watertables.
Maintaining ground cover all year round should be seen as a priority strategy for a catchment.
Permanent ground cover not only means that rain can be used as it falls but that some rain is
intercepted by the plant and evaporated before it even reaches the ground.  Preventing
waterlogging and soil loss by maintaining ground cover throughout the year should be the focus
for managers.  Allowing areas to bare off in summer can allow wind erosion of soils and
subsequent risk of waterlogging and inundation.  Windbreaks should be incorporated across the
farm to prevent wind erosion with deep perennial vegetation planted on the slopes.
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At Gary and Jan English’s farm north-east of Gibson, an alley farming system on a Land
Management Unit (LMU) of deep sand using cropping and Pinus radiata for windbreaks is in
place.  The tree lines are approximately 200 m apart.  Gary’s bore monitoring is showing a
steady lowering of the watertable by approximately 50 cm/year.  The hydrograph of
groundwater response to the alley farming system (Figure 8) shows that the fall occurs not only
below the trees but is occurring across this site.  A system of tagasaste on Greg Kleinig’s farm
to the west of Esperance also shows similar falls in the watertable (Figure 9).   The affect of
the higher than average rainfall years from episodic events in 1989 and 1992 (Figure 3) can be
clearly seen in both hydrographs.
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Figure 9. Hydrograph showing groundwater response under a tagasaste
Using local knowledge and careful planning is the key for success.  Monitoring groundwater
provides the farmer with information on the effects of treatments and can help identify what
treatments are needed.  Drawing up good farm and catchment plans can help to identify
problems and also opportunities as they appear.  The Department of Agriculture and local
project officers run regular farm planning workshops run over a few days.  Working in local
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groups also provides many opportunities such as possible access to funding to tackle larger
problems and the opportunity to exchange valuable knowledge and experience.
Drainage options are limited for the Esperance region as many areas have less than 1 % slope
with many areas being internally drained.  Drainage lines are currently being reactivated due to
increases in flow as a result of clearing.  Water quality in drainage lines has also declined
since clearing.  The impact on coastal wetlands has not been adequately assessed.
There is a need to develop strategies to implement robust farming systems which use perennial
species across the Esperance district.  Trees by themselves will not be enough.  Planning for
integrated trees with perennial pastures (rotational grazing systems) or cropping systems (eg.
phase cropping) could provide the required focus for implementing other much needed
management practices at Esperance.   Farm planning allows for the most appropriate solution to
be chosen and incorporated into a farming system where it will have the most benefit.
Establishing a farm forestry industry appears to be moving towards reality and may also
provide a focus for landcare activities.
Technical information
In 1995, Nulsen et al. identified 13 technical data sets required for technically sound farm and
catchment planning.  The authors noted that no individual data set can deliver a technically
sound farm or catchment biophysical management plan and some of the data sets (eg magnetics,
electromagnetics - QUESTEM, radiometrics, spectral) are of little use in their raw form.  This
is because interpretation and analysis of the data must be done by people appropriately skilled
to extract and present useful information.
Planning for integrated farming systems requires maps and relevant information at the farm or at
other appropriate scales e.g. topographic contours, soils, land management units, hydrological
information etc.  Many of these data sets are available at the Esperance Agricultural Centre.
This basic information can be used for farm or catchment planning.  During the gathering of this
information, it could be expected that other issues will be identified such as the need for
drainage, incorporating sites for revegetating along stream lines, the placement of trees as
windbreaks and sites for commercial trees.
Any attempt to try to solve one degradation problem in isolation from others is likely to prove
futile.  A comprehensive, unemotional assessment of the problems and possibilities of each
land management unit is essential before any farm or catchment plans can be drawn up and
implemented.
Conclusions
Salinity, waterlogging and other land degradation problems are causing areas of land to be
rapidly removed from agricultural production.  In addition, land degradation across farming
catchments is impacting on coastal environments.  Since clearing, the natural surface drainage
lines have become inadequate due to increased runoff and seepage.  Increasing plant water use,
particularly in areas of higher recharge will provide a buffer zone for climatic extremes and
episodic events.  The effective management of recharge by increasing plant water use
incorporated through whole farm and catchment systems should increase both the productivity
and profitability of farming.  We need to act now if we are to ensure a long-term future for our
agricultural community.
Increasing Plant Water Use To Reduce Salinity - Esperance Seminar 1996 25
References
Australian & New Zealand Environment & Conservation Council (1992) Australian Water
Quality Guidelines for Fresh and Marine Waters. Canberra, ACT.
Barrett-Lennard, E.G., Davidson, N. and Galloway, R. (1990). Plant growth and survival in
saline, waterlogged soils. J. Agric. W. Aust. 31: 56-57.
Berlait, K. (1952). Report on exploratory drilling for water, Esperance Plain.  Western
Australia Geological Survey, Annual Report 1952, pp21-26
Ferdowsian, R, George, R, Lewis, R, McFarlane, D, Short, R and Speed, R (1996). The extent
of dryland salinity in Western Australia. In: Proc. 4th National Workshop on the
Productive Use and Rehabilitation of Saline Lands, Albany March 1996, pp89-88
George, P.R. (1978). The Hydrogeology of a Dryland Salt Seepage Area in South-Western
Australia. Proc. Subcommittee. Salt Affected Soils. 11th Int Soil Sci Congr, Edmonton,
Canada. 1978 3.1-3.13
Hall, D. (1996). Adopting Higher Water Use Farming Practices in the Esperance Region.  Refer
to paper in this report.
McFarlane, D.J. and Ryder, A.T. (1990). Salinity and Waterlogging on the Esperance Downs
Research Station. DRM Tech. Report No. 108. West. Aust. Dept. Agric.
McFarlane, D.J., Ferdowsian, R. and Short, R. (1994). The extent of land degradation on the
South Coast of Western Australia. GRDC Water Management Workshop, Esperance,
CLIMA Technical Report 4 (in press).
Overheu, T.D.,Muller, P.G.,Gee, S.T., Moore, G.A. (1993). Esperance Land Resource Survey.,
Western Australian Dept. of Agriculture, Land Resource Series No. 8.
Short, R.J., Skinner,G., Ferdowsian, R. and McFarlane, D.J. (1994). Hydrology and geology in
relation to salinity and waterlogging on the South Coast of Western Australia. GRDC
Water Management Workshop, Esperance, CLIMA Technical Report 4 (in press).
Short, R.J. and Skinner, G. (1996a). Esperance Downs research Station - Salinity and Water
Monitoring. Misc. Publication. 22/96, Agriculture WA.
Short, R.J. and Skinner,G. (1996b). Hydrology and Geology of the National Windbreaks Site,
Belalie Farm, Esperance W.A.. In: The Physical and Hydrological Characteristics of a
South Coast Sandplain Site. DRM Tech. Report (in prep). Agriculture WA.
Increasing Plant Water Use To Reduce Salinity - Esperance Seminar 1996 26
Recommendations
• Control of surface water - revegetation strategies for creeklines and drainage endpoints
(cleared paperbark and Yate swamps)
• Manage, revegetate and monitor creek lines and coastal wetlands
• Replace annual pastures with higher water use perennials in integrated farming systems
(Alley farming/agroforestry) -
• Encourage a farm forestry industry based on appropriate species and site selection
• Research perennial species suitable for low rainfall (Mallee) and waterlogged areas -
native grass species, perennial legumes, tree species
•  Encourage research into high water use broadacre cropping systems (phase cropping & ?) -
particularly on waterlogging and wind erosion prone soils
• Monitor the status of the resource base over the long term - groundwater and surface water
(Creeks, wetlands), remnant vegetation, soils, spread of salinity, effectiveness of treatments
(economic, social and environmental).
• Education strategies aimed towards both the local and farming community, local government
and government agencies
• Ensure trained  professional and technically competent people are available to assist in the
implemention of strategies
• Investigate new industries - provide economic stability to strengthen farm communities,
provide environmental diversity and are sustainable
• Improve catchment planning process and implementation strategies
• Continue to map and quantify hydrogeologic units on a scale that is useful for farm and
catchment planning
• Produce maps of 1m topographic contours - DEM ? (10 m contour intervals at present)
Research Recommendations
• The method and timing of recharge needs to be clarified (is it matrix flow or preferential
flow through macropore?)  - do surface drains leak and contribute to recharge?
• The effect of episodic recharge events on groundwater levels needs to be clarified for
designing management solutions.
• The impact of drainage water on coastal lagoons and estuaries needs to be investigated.
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ESTIMATING  THE  CAPACITY  FOR  IMPROVED  AGRICULTURE  AND  TREE
PLANTING  TO
CONTROL  SALINITY :  AN  EASTERN  WHEATBELT  CASE  STUDY
Greg Hamilton
Natural Resource Management Services, Agriculture Western Australia, South Perth WA 6151
Increasing agricultural production and strategic revegetation have been promoted for some time as
the best combination of treatments to control salinity (e.g. Nulsen 1994).  Government Programs,
such as the National and State Landcare Programs, the State Remnant Vegetation Protection Scheme
and the Federal Government One Billion Trees Program have supported this dual approach and
stimulated considerable adoption of improved farming methods, and tree planting and remnant
protection activities
The application of these salinity control treatments is still largely based on the belief that enhanced
water use by plants (particularly trees) is the best way of controlling rising watertables. Afterall,
this imbalance was caused by excessive clearing of vegetation when the land was opened up for
agriculture, so why wouldn’t it be controlled by replanting parts of the landscape to trees?
To some extent, the reliance on a vague belief that trees are the solution to salinity is explainable in
terms of  (i) the absence of data on the broad scale effectiveness of such approaches, and  (ii) the
lack of information on how much of the landscape needs to be planted to trees, for what benefits
and costs to rural communities.  This paper begins to address the need for more data and
information.  It includes an analysis of the likely impact of trees and high water use agriculture on
the broad scale control of watertables, and identifies the landscape locations and their size that
need to be planted to trees and/or improved agriculture.
METHOD
The focus for this analysis is the eastern wheatbelt of Western Australia.  The area concerned is
approximately bounded by the townships of Koorda, Corrigin, Lake Grace, Hyden, Southern Cross
and Beacon.  It has a total area is 6 million hectares, of which 4.5 million hectares are cleared and
used for agriculture.
In general terms, a water balance is constructed for existing agriculture on hydrologically
distinctive soils.  This provides an estimate of the probable annual average recharge that is
occurring on these soils.  The recharge estimates generated by this approach are compared with
monitored watertable rises to verify the accuracy.  These soil type specific recharge estimates are
then combined, relative to the area of each soil type, to determine a weighted average rise for the
regional groundwater system.  The estimated regional groundwater rise is then imposed on the
current extent of saltland relative to the slope of land either side of saline drainage lines to
determine the annual average increment in salt affected land that such watertable rises induce.
Predictions of the growth in saltland resulting from no changes to land use or agriculture are
obtained by adding annual increments adjusted for increased evaporation from the groundwater as
the area of saltland increases.
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An additional analysis is conducted examining the capacity for improved production systems and
trees to reduce recharge and the increase in discharge of water directly from the watertables in
locations where plant roots can tap into shallow watertables.  This analysis provides modified
recharge and discharge estimates which are then put into the regional groundwater balance to
investigate whether the impact of such efforts reduces or reverses the rate of watertable rise and
salinisation.
Theoretical framework
An assessment of the impact of trees and agriculture on salinity requires
a)  knowledge of the annual water balance of farming systems on hydrologically distinctive
soil types (st) (This identifies the quantity of water that drains beyond the root zone of agricultural
plants and trees.) i.e.
P = Rst  + Est  + Tst  + Ust  + ∆Sst (1)
where:  P is annual average rainfall; and for each soil type (st), Rst is annual average runoff; Est is
annual average evaporation; Tst is annual average transpiration; Ust is annual average drainage
below the root zone of plants; ∆Sst is annual change in soil-water storage;
b)  the specific yield (SYst) of the aquifers beneath each soil type (This converts drainage
(Ust) to watertable rise.);
∆Hst = Ust  x SYst (2)
where: ∆H is annual change in groundwater levels;
c)  the area of major soil types (This allows a weighted annual average recharge/watertable
∆Hc to be estimated for the whole of the catchment concerned - indicated hereafter by a subscript
‘c’.);
Pc = Rc  + Gc  + Ec  + ∆Sc  + ∆Hc  + ∆Dc (3)
where: Gc is annual average outflow of groundwater; ∆Dc is annual change in surface detention
storage
d)  the land slope (LS) and average width (aWs) and length (aLs) of the salt-affected
discharge areas to calculate the annual increase in saltland (Asi) for the watertable rises;
Asi = ∆Hc  x  LS  x aWs  x aLs (4)
e)  the extra discharge resulting from the increase in saltland (Gi), so the catchment water
balance for the next year can be calculated to account for the increase in the current year.
Gi  =  (Ais +As)   x Eas (5)
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where As is the total area of salt-affected land for the previous year; and Eas is the annual average
evaporation (a.a.e.) from bare salt-affected soil.
Natural resources
Five major soil types were identified, four of which were considered to be hydrologically distinct
from one another.  The soil types are acid sands; yellow sands;  sandy duplex;  red loams;  and
saline valley floors.  The sandy duplex and red loams were considered to be hydrologically the
same since both have heavy clay subsoils.
All remnant vegetation was mapped and classified into four classes:  public land remnant, good
quality remnants, modified remnants and scattered remnants.  Only the areas of public land
remnants and good quality remnants were used in the calculations.
The area of land of a certain slope moving away from the centre of drainage lines was estimated
for four slope classes 0-1%, 1-2%, 2-3% and >3%.
Assumptions
Annual runoff (Rst) from the acid sands and yellow sand was assumed to be nil, and from the
duplex and loam soils, 4% of annual average growing season rainfall, i.e. for the period May to
October.
Recharge (∆H) was assumed to be nil under remnant vegetation.
All saltland expansion occurs on valley floors, which have duplex or loam soil types adjacent to
the saline areas.
Ground water systems beneath all soil types in the catchment are connected.  The weighted annual
average drainage from the catchment (Dc) causes watertable rises on saline valley floors.  The
specific yield appropriate for calculating the expansion of salt land is one typical of heavy clay
soils.
Changes in the annual average stored soil-water (∆Sst) and annual average catchment surface
detention (∆Dc) were assumed to be zero.
Estimating recharge and watertable rise
Estimation of the drainage for each soil type (Ust) required the development of relative water
balances for the farming systems used on them.  This involved estimating water balances for early
growing season (i.e. May to July, when LAI<1.0 ), late growing season (i.e. August to October,
LAI>1.0) and a summer period of November to April.  This task took into consideration the general
fertility of each soil type, the rate of plant growth throughout the growing season, the timing of
farming operations, the farming systems used on each soil type and how these factors interact with
water movement in light of the particular soil's hydraulic properties.
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The relative water balance components were converted to dimensions of water depth/ unit area by
multiplying the relative proportions by the amount of the average annual rain falling in the growing
season and summer periods, which for the eastern wheatbelt is generally 70% and 30%,
respectively of an annual average rainfall (a.a.r.) of 300 mm.
The estimated Ust values were cross-checked with available data on ET derived from soil-water
monitoring studies (D. Tennant pers. comm.).
The water balance drainage fluxes (Ust) were first converted to watertable rise/recharge ∆Hst
using appropriate specific yield values for each soil type.  Those used were:  valley floor soils,
loam & duplex soils, 0.02;  yellow sands 0.06;  and acid sands 0.07 (Freeze and Cherry 1979,
George 1992).
Estimating the expansion of salt-affected land
Estimating the expansion of saltland requires solving the catchment water balance for ∆Hc for the
whole of the eastern wheatbelt.  This includes water leaving the catchment as streamflow or
evaporation from the expanding discharge/saltland areas.
Available data on discharge from saline areas indicate an appropriate value would lie between 1%
and 10% of local annual pan evaporation (5% or 130 mm has been used in this study) and for
runoff a reasonable value would be 1% rainfall from agricultural land (George 1992).
The estimated recharge ∆Hc is used with the assumptions that (i)  groundwater rise occurs
symmetrically either side of the drainage line; (ii)  the shape of salt land is such that its average
width and length can be approximated as having proportions of 1,000:1 length:width.
The cumulative expansion of saltland is computed over time as an iterative procedure by adjusting
the areas of saltland and adjacent agricultural land by the each annual increment of saltland and
performing a subsequent annual calculation. This calculation procedure is continued until the area
of a given slope class is exhausted, after which the next greater slope class is used until its area is
exhausted, and so on, until a new hydrologic equilibrium is reached, i.e the discharge equals the
recharge, and saltland expansion is therefore zero.
Estimating the potential of agriculture to reduce drainage and recharge
The concept of potential yield (French and Schultz 1984) is used, with some modification, to
assess the potential for improved agriculture to reduce drainage and recharge on each
hydrologically distinctive soil type.  French and Schultz assume drainage to be zero, which is
clearly inappropriate for Western Australian conditions.  WA's winter dominant rainfall annually
produces periods in which rainfall exceeds evaporation.  In places like Wagin, for example, such
excess occurs in June, July and August in 50% of the years of official rainfall records.  During
these months evaporation from soil (E) and transpiration (T) are limited by the evaporative power
of the atmosphere, leaving excess surface water and soil water to drain away.
The potential yield/maximum water use efficiency (MWUE) line of French and Schultz (1984) is,
in fact, an envelope line.  It encompasses all production data, and, on the balance of probabilities
is rarely, if ever, achieved, let alone exceeded.  If production increases from new or improved
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agriculture have predicted yields increases below the MWUE line for average growing season
rainfall, there is no certainty they will alter the water balance and thereby reduce drainage (U).
Conversely, if these improvements have potential yield increases which exceed those of the
MWUE line, there is a high probability that they will significantly alter the water balance and
reduce the drainage component.
Using MWUE constants for specific crops and pastures, the predicted yields of new and improved
species and varieties of crops and pastures were plotted on the French-Schultz graph for the water
commonly used in the eastern wheatbelt.  If the predicted yields exceeded the potential
yield/MWUE line, the amount of extra water used was estimated by moving this point horizontally
until it intersected the MWUE line and then reading the extra amount of water used from the
horizontal axis.  This extra water is then assumed to be the amount by which the drainage
component D of the water balance is reduced.  The adjusted drainage estimate is, in turn, used to
reduce the catchment recharge and thus illustrate the impact of improved agriculture on the spread
of saltland.
Estimating the potential of trees to reduce or reverse watertable rises
Estimating the potential of trees to reduce or reverse watertable rises requires the consideration of
a number of factors:
 (i)  the exploration patterns of tree roots, particularly those of trees in long oblong
plantations;
 (ii)  the effects this exploration has on the agricultural production from adjacent land,
and the implications this has for transpiration from trees and the affected
agricultural plants;
   (iii)  the moisture extraction pattern of the tree roots and the amount of water they
extract over a year;
    (iv)  the impact of trees on the depth to underlying watertables
     (v)  the likely impact on the size of water balance components E, T & D for the areas
beneath the tree canopy and the adjacent agricultural land.
Information on each of these factors has been obtained from the literature and current research and
development activities.  This was interpreted to estimate the area of reduced or zero recharge
resulting from an increasing area of tree plantations.
Calculating saltland expansion with and without improved agriculture and trees
• Without trees and agriculture (The “do nothing” scenario):  The calculation of the “do-
nothing” scenario is achieved by following the procedure listed in the Method above.  It uses
the estimated drainage figures for each soil type and a weighted average drainage of 10 mm/yr
into the saline valley floors, which have a specific yield of 0.02.  This produces an average
annual watertable rise of 500 mm and an initial annual saltland expansion of ~ 40,000 ha - a
figure which matches eastern wheatbelt estimates of hydrogeologists working on this saltland
expansion (Ferdowsian et al. 1996).
• With improved agriculture (The “Serradella” scenario):  The calculations for this scenario
uses a weighted annual average recharge for the catchment reduced by the smaller drainage
resulting from an assumed increase in the area of serradella on the acid sands.  The assumed
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conditions are that all acid sand would be planted to serradella over a 10 year period, in ten
equal increments, and that the reduction in drainage for each increment would be realised in the
year of planting.
• With improved agriculture and trees (The “Trees plus Serradella” scenarios): This uses
the conditions of the “Serradella” scenario and two additional sets of assumed conditions for
planted trees.  The assumptions for the first tree planting scenario are:
(i)    drainage beneath an area of three times the canopy area of trees plantations would
take ten years to reduce to zero;
(ii)   the area of extra tree cover (based on trees using three times the a.a.r.) needed to
increase evapotranspiration sufficiently to control salinity in the region is 10% of the
agricultural land (Stewart 1984 ) (i.e. additional to existing remnant vegetation on
private land, which is about 5%);
(iii)  the area of additional tree cover would be planted over a 40 year period in equal
increments, in plantations with a perimeter to area ratio of 1.04 km/ha and a density of
400 stems/ha.
       The second tree scenario uses the same three assumptions plus a fourth:
(iv)  the planted trees can access reasonably fresh groundwater over summer in
sufficient quantity to raise the catchment discharge (loss of water from the groundwater
system) from 3% annual average evaporation to 10% annual average evaporation (i.e.
from 80  to 270 mm).
Such a tree planting program requires 450,000 ha to be planted.  This occurs in 40 increments of
11,250 ha and 4.5 million trees/yr.  (Estimates of current annual tree planting in the eastern
wheatbelt approach this figure of 4.5 million trees/yr [Martine Scheltema, pers. comm.]).
RESULTS  AND  DISCUSSION
Estimating recharge and watertable rise
The results of the estimation of water balances for each of the soil types of the eastern wheatbelt
are presented in Table 1 and the estimated rises in watertables derived by this method are shown
(Table 2.).  These match actual data reasonably well.
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Table 1. Estimated water balances for major soil types in the eastern wheatbelt  (a.a.r. 300 mm)
_______________________________________________________________________________________
Soil type Complete growing season (mm)       Summer (mm)
Est Tst Dst Rst *Est Tst Dst Rst
_______________________________________________________________________________________
Yellow sand            94 100     16      0.0   90       0 0 0
Loam, duplex            90 105       6      9.0   90       0 0 0
Acid sand            95   84     31      0.0   90       0 0 0
Saltland          190   20       0      0.0                229*     0 0 0
_______________________________________________________________________________________
* Evaporation from saltland in the summer months accounts for all incident rainfall (90 mm), plus runoff from the
loam and duplex soils (9 mm), plus evaporation from rising groundwater (130 mm)
Table 2. Estimated and measured watertable rises for the eastern wheatbelt
_______________________________________________________________________________________
Soil type Watertable rise (mm/yr) Measured data reference
      Estimated Measured
_______________________________________________________________________________________
Loam, duplex 300   80-300 Southwell (pers. comm.)
  [SY = 0.02] {Bore IDs:MDX,MD03,B06}
Yellow sand 270   60-440 Southwell (pers. comm.)
  [SY = 0.06] {Bore ID:MDB, MDA}
Acid sand 440  100-440 Southwell (pers. comm.)
  [SY = 0.07] {Bore IDs:MDA,AB12}
_______________________________________________________________________________________
Estimating the potential of agriculture to reduce drainage and recharge
Table 3. lists the crop and pasture production improvements currently available to raise production
on the soils of the eastern wheatbelt and compares these with current average yields and the
“potential yield” predictions of the French and Schultz model.
Note that the introduction of a new Serradella variety is the only improvement capable of raising
production above that predicted by the MWUE line of the French and Schultz model.  The
magnitude of the production in excess of MWUE is 0.5 t/ha, which translates to an increased
transpiration of 16 mm per growing season (Figure 1.).
Given that acid sands cover only 6% of the agricultural land in the eastern wheatbelt and contribute
18% of the catchment drainage, the planting of serradella will only reduce the total catchment
drainage by 9%.
Note that if agriculture was producing at its (French and Schultz) potential, the production
increases would produce an overall reduction in catchment drainage of 60%!
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Table 3.  Probable agricultural yield improvements, current average yields and potential yield
_______________________________________________________________________________________________________________
Soil type Agricultural Probable Current French
improvement improved average “potential
yield! yield yield”"
(t/ha) (t/ha) (t/ha)
_______________________________________________________________________________________________________________
• Crops
Yellow sands yellow lupin 0.7 0.5 1.5
white lupin 0.9 0.8 1.5
cereals 1.8 1.3 2.0
Acid sands yellow lupin# 2.1 (DM) 1.5 (DM) 2.5 (DM)
Loams faba bean$ 3.0 (DM) 3.0 (DM) 3.7 (DM)
chickpea$ 3.0 (DM) 2.1 (DM) 3.7 (DM)
field pea$ 3.0 (DM) 2.7 (DM) 3.7 (DM)
Duplex white lupin 0.8 0.7 1.6
cereals 1.8 1.3 2.1
canola 0.8 0.7 1.6
chickpea$ 3.0 (DM) 3.0 (DM) 3.7 (DM)
field pea$ 3.0 (DM) 3.0 (DM) 3.7 (DM)
faba bean 3.0 (DM) 3.0 (DM) 3.7 (DM)
• Pastures
Acid sands Serradella$ 3.0 (DM) 1.5 (DM) 2.5 (DM)
_______________________________________________________________________________________________________________
! Personal communications with R French and M Ewing (Serradella).
" Calculated using transpiration (T) data from Table 1. and water use efficiency constants (kg/ha/mm) of French, for grain and dry 
matter respectively, viz. :  legumes & oilseeds - 15 & 45; cereals - 20 & 55; legume pasture 3 & 35 ; volunteer pasture 30
(pers. comm. D Tennant).
# Yellow lupin is acid tolerant and should be compared with volunteer pasture in terms of water use
$ These crops are new or comparatively new.  They will replace pasture in rotations on loam and duplex soils and their water use 
should be compared with that of the dry matter of annual pastures.  Dry matter yields are indicated by the abbreviation DM.
Estimating the potential of trees to reduce or reverse watertable rises
Root exploration patterns:  The literature and local data on tree root exploration reports that roots
extend laterally away from the trees by >1.5 out to 2.5 to 3.0 x the tree height (H).  The actual
distance depends on species and soil conditions (R. Sudmeyer pers. comm.).
This pattern of exploration indicates that a tree plantation 10 m high and 20 m wide x 500 m long (1
ha), with roots extending 2.5 H (25 m) would influence the water balance over an area of 70 m x
500 m (or 3.5 ha).
Agricultural production adjacent to trees:  The production of agricultural plants in this tree root
zone is less than in areas where there are no tree roots.  Again, the literature and local data suggest
that reduced production occurs mostly within the 1.5 H area and often to 3-4 H, particularly in dry
years.  Production data show up to 50% yield reduction out to 3 H.
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Tree moisture extraction patterns and amount:  Average annual soil moisture profiles (D Hall
pers. comm.) show that trees extract considerable moisture up to 3-4H from their edge, probably
independently of the amount of rain.  Other data show trees extract water to 4 m depth.
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These facts indicate that trees are able to extract enough water, even in dry seasons, to satisfy their
requirements.  Also, the fact that crop production in this zone varies strongly with rainfall,
indicates that agricultural plants in this zone are largely restricted to accessing soil water that
exceeds the transpiration requirements of trees.
Water balance beneath trees and the adjacent area:  In light of the above, Ust beneath trees can
be reasonably assumed to be zero for at least a 25 m perimeter (i.e. 2.5 H of trees 10m high)
around a plantation.  The water balances beneath the trees, in this 25m wide adjacent strip and
beyond can thus be constructed to show:
Tree water use (Tt): (for 20 m wide plantation, 10 m high, incorporating 2.5 H adjacent area)
Tt =  806 mm  (or 2.7 x a.a.r.)
Note: This calculation reduces the Ust term to zero for an area 3.5 times the width of a 20 m wide
plantation.  The calculations used hereafter to assess the impact of trees on salinity is 3.0 times the
area of plantations with a perimeter:area ratio of 1.04 km:ha.
Tree water use:  An extensive review of the literature on efforts to measure the water use of trees
by either the ventilated chamber or heat pulse methods, reveals that tree water use is approximately
3 x annual average rainfall (Table 4).  The studies reported covered trees aged from 5 to 10 years,
at densities ranging from 800 to 1,100 stems /ha, in conditions where tree roots could access
shallow groundwaters
Table 4.  Measured tree water use (TWU) and site information (P. Raper, pers. comm.)
_______________________________________________________________________________________
Species Age Density Water use TWU/a.a.r. Comments
(yr) (stems/ha) (mm/yr)
_______________________________________________________________________________________
E. cladocalyx   5   816 2,660 3.5 ) These data were generated by
Greenwood
E. globulus   5   816 2,690       3.5 ) et al. 1985 from a site at Bannister
E. maculata   5   816 2,330       3.0 ) which is subject to a perched watertable
E. globulus   5   816 2,210       2.9 ) and a nearby seep. The a.a.r. is
E. leucoxylon   5   816 1,840       2.4 ) 770mm/yr and the a.a.e. 1,790mm/yr
E. wandoo   5   816 1,620       2.1 )
E. camald.   9 1,110    617       1.7 )  Data  generated by Morgan et al.
E. camald.   9 1,110    969       2.6 ) 1993 for a plantation at West Maya.  It
has
E. camald.   9 1,110 1,675       4.5 ) a saline watertable  at ~ 1m depth.  The
E. camald.   9 1,110 1,337       3.6 ) a.a.r. is 372mm/yr & a.a.e is 2400mm/yr
_______________________________________________________________________________________
Mean & SD       3.0 (ñ 0.8)
_______________________________________________________________________________________
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We thus have a collection of complementary experimental data and interpretations which lead to
the conclusion that
 (i)  tree water use in situations with a large perimeter to area ratio can be reliably (and
conservatively) estimated as being equivalent to 3 times the annual average rainfall, and
(ii)  their area of influence in long oblong configurations, can be reliably estimated as three
times the area of the tree plantation’s canopy.
The assumption that, on average, drainage is zero in an area three times the canopy area of trees is
thus demonstrated as reasonable.
Furthermore, as trees can only use water that is available at a rate determined by the evaporative
power of the atmosphere, they will have a large unsatisfied potential for transpiration over summer
unless they can access groundwater.  Allowing for their capacity to use three times the annual
summer rain in the eastern wheatbelt means that, with access to groundwater, they would be able to
raise the catchment discharge to 270 mm or 10% annual average evaporation over summer.  Hence,
the assumed conditions in the second tree scenario, “Trees plus serradella” are also reasonable.
Saltland expansion (all scenarios)
The results of the ‘Do nothing’, Serradella and two tree scenario calculations are presented in
Figure 2.
The “Do nothing scenario” shows a dramatic but decreasing increase in the area of saltland over
the next 50 years, levelling out at about 1.2 M ha.  At this time a new hydrologic balance is reached
between catchment recharge and discharge.  Clearly, if this situation is allowed to develop in the
eastern wheatbelt there will be a massive loss of over half the combined area of loam and duplex
soils.  Compared to the current circumstances, such an extent of saltland would produce massive
social and economic losses.
The "Serradella" scenario is the product of a 50% reduction in drainage and recharge on acid
sands over 10 years. for an area of 0.35 million ha or ~ 6% of current agricultural land.  The
impact can only be expected to produce ~9% reduction in catchment recharge in a period when the
saltland expansion is increasing rapidly.
The first "Trees plus Serradella" scenario produces a more rapid levelling of the saltland
expansion, to the effect that expansion is virtually halted in about 10 years.  This result reflects the
assumed 10 years period for tree plantations to achieve their maximum impact of preventing
recharge over an area three times that of their canopy and the comparatively slow revegetation
program, 11,250 ha per annum for 40 years.  In addition it illustrates the point that only recharge is
controlled - groundwaters are not accessed and discharge from them is not increased.
The second “Trees plus Serradella” scenario, which increases catchment discharge over summer,
shows the quite dramatic effect of both preventing recharge and having trees transpire water from
the groundwater.  It illustrates the benefit of plants actually pumping the aquifer and drawing down
watertables at a rate faster than that at which drainage recharges it.
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IMPLICATIONS
The ability of improved agriculture and a large strategic tree planting program to control and
reverse rising watertables and expanding salinity (Figure 2.) has been shown to be theoretically
feasible.  However, the time needed to gain control and reverse the expansion of saltland is
dependent on the time at which such large and coordinated programs of treatment are commenced.
The longer the delay the greater will be the area to become saline and the longer will be the time
needed to stabilise and reclaim it.
This analysis has important implications for salinity control programs:
(i)  Improved agriculture, although small in impact on the catchment water balance, must
accompany tree planting, not only for its likely small hydrological impact but also to compensate
for productive area lost to tree plantations.
(ii)  Long oblong tree plantings will have their greatest impact on controlling salinity if they
are planted in areas where they can access the watertable (without the risk of prolonged
waterlogging).
CONCLUSIONS
1.  Unless all possible improvements in agricultural production and a large tree planting program
are put in place and maintained for some decades, the expansion of salinity in the eastern wheatbelt
is likely to continue at the rate of tens of thousands of hectares each year until an area of about one
third of the current agricultural land becomes affected (i.e. the equilibrium area of about 1.3 Mha
shown in Figure 2.).
2. Serradella on acid sand soils and other possible forms of improved agriculture will help reduce
the rate of watertable rise, but they are quite incapable of achieving a substantial reduction in the
equilibrium area of salt affected land (Figure 2.).
3.  A major tree planting program to cover 10% of current agricultural land, in combination with
improved agriculture, is capable of controlling and reversing watertable rise.
4.  The effectiveness of trees is maximised when planted in areas where their combined ability to
prevent recharge and draw down shallow watertables is captured.  The greatest urgency for tree
planting is, therefore, the low slope country close to drainage lines.  These are areas in which
groundwaters are shallow and the threat of salinisation is immediate.
5.  On a total catchment basis, it is probable that the benefits of a large coordinated program of
land users adopting all possible improvements in agricultural production systems and planting
trees over 10% of their land will exceed the costs of either investing in a such a program or doing
nothing and losing productive land to salt.  (A gross margin of $100/ha and an average annual loss
of ~40,000 ha produces an annual ‘loss’ of income of $4 million!)
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POLICY AND PROGRAM IMPLICATIONS
The clear policy implications of the results of this analysis are:
i)  That government should develop a policy which commits it to provide the resources to
land users in the immediately threatened low slope areas for them to invest in the necessary tree
planting and improved agriculture and implement it immediately.  It is this group of land users and
this section of the landscape that are under the short term threat of very large land losses, which
will have a large negative effect on their cashflow and economic viability.  The success of such
programs means their will be some private benefit, and so some obligation should remain on them
to repay part of the costs of the resources supplied.  The community benefits of the maintenance of
economically viable farms over a large area of valley floor lands should justify the government's
provision of the remaining portion of the costs.
ii)  That government should establish a complementary policy for farms higher in the
catchment.  Resources should be provided for these farms to undertake similar tree planting and
high water using agriculture projects.  In addition, some compensation to offset the costs of
lessened productivity should also be provided.  Land users in these situations will not receive any
on-site benefits from their participation in tree planting programs, despite the fact that their
participation is essential to the ultimate control of salinity.
Programs giving expression to these policies need to be developed.  These should
a)  provide considerable resources to identify those areas under most immediate threat from
rising watertables and develop properly costed catchment plans which identify, at the individual
farm level, the actions and resources needed to implement them;
b)  a similar, longer term program should provide the same information with appropriately
different assistance for farms higher in the catchment and be implemented at the same time;
c)  extra resources should be provided for R&D to improve the level of knowledge of the
water use and groundwater flow processes and the rates at which they operate in different sections
of the landscape, so as to facilitate the development of the best possible salinity control plans;
d)  a major ongoing extension campaign should be mounted to educate and motivate land
users to willingly participate in these programs, and this should include a commitment to publicly
report on progress each year.
ACKNOWLEDGMENTS
I gratefully acknowledge the many useful discussions and encouragement given by colleagues in
undertaking this analysis.  In no particular order thanks are extended to Bob Nulsen, Phil Scott,
Richard George, David Hall, Rob Sudmeyer, David Tennant, Martine Scheltema, Greg Beeston,
Greg Mlodawski, and John Bartle.  A special mention should be made of David Morrison whose
advocacy of the value of benefit-cost analyses prompted this analysis whilst the senior author was
Leader of the Eastern Wheatbelt Sustainable Agricultural Systems Program during 1994/95.
Increasing Plant Water Use To Reduce Salinity - Esperance Seminar 1996 41
REFERENCES
Anon.  (1984) Streamflow records of Western Australia to 1982. Vol 2  Water Authority of
Western Australia Leederville. Perth.
Freeze, R A and Cherry, J A.  (1979)  Groundwater. p. 61. Prentice-Hall Inc. New Jersey.
French, R J and Schultz, J E  (1984).  Water use efficiency of wheat in a Mediterranean
environment. Aust. J. Agric. Res. 35:743-764.
George R J  (1992)  Estimating and modifying the effects of agricultural development on the
groundwater balance of large wheatbelt catchments.  Applied Hydrogeology. Vol 1:41-54.
Greenwood, EAN, Klein, L, Beresford, J D and Watson, GD.  (1985)  Differences in annual
evaporation between grazed pasture and Eucalyptus species in plantations on a saline farm
catchment. Journal of Hydrology. 78:261-278.
Morgan A, Marshall J and Bell D  (1992)  Year-long water uptake by cloned Eucalyptus
camaldulensis. Poster. Sap-flow Workshop. Loxton. South Australia.
Nulsen R A (1992). Opportunities and limitations for using agronomic techniques to control
dryland salinity. pp 24-31. Proc. National Conf. on Land Management for Dryland Salinity
Control. La Trobe Univ. Sept. 1993.
Increasing Plant Water Use To Reduce Salinity - Esperance Seminar 1996 42
ADOPTING HIGHER WATER USE FARMING PRACTICES IN THE
ESPERANCE REGION.
David Hall
Research Officer, Agriculture Western Australia, Esperance Agricultural Center
Throughout southern WA clearing of native vegetation has altered the soil -water balance
such that there has been a reduction in evapotranspiration and a corresponding increase in runoff
and recharge.  Often the induced changes in runoff and recharge are relatively small when
compared with annual rainfall (< 10%). However, such is the sensitivity of the soil water balance
that even small changes in the surface hydrology can markedly affect the occurrence and extent of
waterlogging and secondary salinity over time.  This is because the soils throughout southern WA
are predominantly duplex where permeable sands over lie relatively impermeable kaolinitic clays.
The soils have a low water holding capacity, high salt storage and occur in a Mediterranean
climate which seasonally alternates between periods of high rainfall and evaporation.  Such
conditions predispose the soils to waterlogging and secondary salinity.  Hence, readjusting the
water balance to minimise waterlogging and salinity is one of the key challenges facing farmers and
their advisers on the south coast of WA.
What is the 'Soil-Water Balance Model'?
Crop water use (E + T) and deep drainage beyond the root zone (U) are key components of
the water balance model which describes the various water inputs and outputs within a plant/soil
system:
Rainfall  =   (E + T) + U + R + ∆S
In the above model  E is evaporation from the soil surface, T is transpiration by the crop, R is
runoff and ∆S is the change in soil water storage.  Other inputs and outputs including capillary
rise, canopy interception etc. are included in more complex models.
Generally surface evaporation (E) and transpiration (T) are measured together as
evapotranspiration (E + T).
Compared with evapotranspiration of agricultural crops which varies from 250 - 500 mm yr-1 the
increase in recharge responsible for secondary salinity is relatively small being only 5-65 mm yr-1
(Peck and Hurle 1973, Nulsen 1993).  In theory increasing evapotranspiration by as little as
5 - 10 % could contain this recharge.  It is for this reason that considerable emphasis has been
placed on developing agricultural systems which use more water.  Such systems include the
integration of higher water use species and improved management of existing crops and pastures.
When is recharge likely to be occurring?
Recharge and runoff are a function of soil water storage, the quantity and intensity of
rainfall, and the evaporative and transpirative demand. Most recharge occurs when soils become
saturated or waterlogged.  Under such conditions water movement through the soil matrix peaks
and preferential pathways will fill and flow.  Hence, recharge will most likely to occur during the
months of June, July and August for the following reasons:
i Rainfall exceeds evaporation during these months (Figure 1).
Increasing Plant Water Use To Reduce Salinity - Esperance Seminar 1996 43
ii. Sands with their inherently low water storage (60 mm/m) content often approach
saturation during this period resulting in waterlogging.
iii. Evaporation and transpiration from annual crops and pastures is comparatively low during
these months (Figure 1).
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Figure 1. Rainfall and potential E+T estimates for the Esperance sandplain for 1993-95
How much Water do Plants Use?
Plants differ substantially in their seasonal and yearly water requirements. This is because plant
water uptake is related to length of growth period, depth of roots, leaf area, resistance to
transpiration, canopy structure and vigor.  In seeking solutions to reduce recharge, much of the
focus has been in the selection of 'high' water use species which have invariably been deep rooted
perennials.  However, each of the plant physiological properties which influence water use can
also be manipulated through management.  Consequently the impact of species selection and to a
lesser extent management on crop water use are discussed below.
Trees
Trees, in particular Eucalypts because of their physiological adaptations which result in high water
use, have been widely used to reduce shallow watertable levels and ameliorate recharge areas in
Western Australia. Bari and Schofield (1992) showed that reforestation using a range of
Eucalyptus and Pinus species was able to lower the ground water level by 7m and reduce ground
water salinity by 11% when strategically placed in a recharge area in south western WA.  In the
same study area the watertable rose by 2 m under a neighbouring pasture 'control' site.
Greenwood et al., (1985) working near North Bannister found that Eucalypts use as much as 2700
mm yr-1 which represented between 2.4 and 4 times the annual rainfall for the region. The high
transpiration rates are attributed to roots accessing a ‘fresh’ watertable.  Again a neighbouring
pasture 'control' site used only 390 mm representing 60% of the annual rainfall.  A considerable
amount of variation in water use by trees was found by Greenwood et al. (1985) between Eucalypt
species with values ranging from 1600 mm yr-1 for E. wandoo to 2700 mm yr-1 for E. globulus and
E. cladocalyx (Table 1).  There was also evidence to suggest that upslope Eucalypt plantation used
more water (approximately 500 mm yr-1) than plantations situated down slope presumably due to
waterlogging reducing transpiration.
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In the Esperance region there are also instances where trees have reduced watertable levels (see
paper by Rod Short).  However, invariably the watertables have been ‘fresh’ and within the tree
root zone.  Where the watertable is saline and/or deeper than the tree roots then it is unlikely that
watertable ‘draw down’ will occur unless trees can intercept water prior to entering the aquifer.
This is illustrated using results from a seven row P. pinaster windbreak at Condingup where the
watertable is saline (3000 mS/m) and 15m below the surface.  Results from this project have
shown:
i) Tree water use was 395 mm which is 20 mm higher than the annual rainfall.
As the tree roots extended to 25m2 on either side of the windbreak the volume of water
used by the trees is potentially higher than the 395 mm given above.
ii) The windbreaks markedly reduced (1) the amount of stored water by more than 60 mm
and (2) waterlogging occurring within 24 m of the windbreak 66%.  There was 10 fold
reduction in recharge occurring at 30 m opposed to 64 m from the windbreak.
iii) Despite the reduction in recharge there was no difference in water levels beneath the
windbreak as opposed to the paddock centre. It is likely that the aquifer is controlled by
catchment as opposed to paddock scale processes.
Clearly the position in the landscape, presence of a shallow ‘fresh’ watertable and rooting depth
can substantially modify the potential water usage of trees and their ability to reduce watertable
levels.
Perennial Pastures
Nulsen and Baxter (1987) showed that transpiration from lucerne exceeded rainfall by 50 mm over
a year at Gairdner River. Wheat transpiration approximated rainfall during the growing season but
used approximately 200 mm less water than the lucerne over the full measurement period (Table
1).
*  H =  Tree height (10 m)
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Table 1. Total transpiration of wheat and lucerne at Gairdner River for periods 1/12/84-
30/11/851 and the wheat growing season2.(Nulsen and Baxter 1987)
Transpiration (mm)1 Transpiration (mm)2
Wheat (cv Osprey) 231 231
Lucerne (cv Trefecta) 433 155
Rainfall 384 241
The implication of the above data is that the lucerne would almost certainly have dried the soil
profile during the summer months and hence buffered the soil against saturation during the
following winter. This buffering effect is important in recharge abatement as water flow beyond the
root zone would be confined to matrix flow where the soils remain unsaturated.  This eliminates
bypass flow which is potentially the main mode of drainage beyond the root zone. Piezometer data
from the Fitzgerald region (Cransberg and MacFarlane 1994) has  shown that lucerne can have a
substantial draw down effect on perched watertables within a short period of sowing (Figure 1).
The data suggests that the lucerne reduced watertables when compared with an annual pasture by
more than 1m the first summer following sowing and by 2m during the second.  Subsequent data
from this site suggest that the 1 to 2 m draw down of the watertable associated with the lucerne
pasture persisted until September 1992.
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Figure 1. Effect of lucerne and an annual pasture on depth to watertable (m) at Fitzgerald.
Prior to sowing lucerne both sites were under annual pasture.
While lucerne is often given as an example of a high water use plant it is one of many perennial
pastures which has been shown to have higher water use than annual pastures.  A selection of
research data illustrating reductions in water storage for ‘buffering’ against periods of excessive
rainfall and increased water use for sites near Esperance are given below (Table 2).
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Table 2. Relative reduction in water storage and increase in water use for perennial grasses
when compared with annual sub. clover-based pastures in the Esperance region.
Location Reduction in water
storage
Increase in water
use (mm)
Veldt Grass# Munglinup 20-40 mm/0.6 m 12
Condingup 40-60 mm/0.8 m 70
Tall wheat grass EDRS+   0–45 mm / 1.8 m 30
Phalaris EDRS   0–10 mm /1.8 m 20
Tall Fescue EDRS   0–15 mm /1.8 m 10
Kikuyu Gibson @ 100-150 mm/1.8 m 70
+ Shallow duplex soils.
 @ sand - 0.5 m over gravel/clay
# Data from Saunders and Cransberg (unpub).
The ability of perennials to use stored water and produce throughout the year will depend on the
soil type, particularly rooting depth. At EDRS where perennials were sown on shallow gravelly
soils which periodically waterlogged during the winter and drought stressed during the summer the
reductions in water storage were not as large as those encountered elsewhere.  However, it is
interesting to note that the wet conditions during early June 1995 resulted in tall wheat grass having
the same amount of stored water in the profile as the annual pasture (Figure 2).  Prior to this tall
wheat grass had 45 mm less water stored. This suggests that there was 45 mm less recharge and/or
runoff from the tall wheat grass paddocks than the annual pasture.
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Figure 2. Soil water storage for pasture species at EDRS between April 1994 and April 1996
On the deeper sands at Gibson, kikuyu resulted in a substantial reduction in water storage ranging
from 50 to 100 mm when compared with a neighbouring annual pasture. Kikuyu used 97 mm more
water during the November to March period than the annual pasture resulting in a ‘draw down’ of
stored water (Table 3).  This compensated for the kikuyu using 27 mm less water than the annual
pasture during May-October. Again this data highlights the buffering effect of perennial pastures in
preventing excess rainfall resulting in recharge and runoff particularly during the autumn to winter
period.
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Table 3. Water depletion (mm/1.8 m) for kikuyu and annual pasture at Gibson during winter
1995 and summer 1995-96.
Kikuyu Annual Pasture Rainfall
(mm)
May-October 1995 258 285 269
November-March 1996 185   88 107
Total 443 373 376
Crops and Cultivars
Experiments comparing water usage of various crops including canola, cereals and pulses on the
same soil type have shown canola to be the highest water user. At Esperance Downs Research
Station (EDRS) in 1995 the canola varieties used 13 to 33 mm more water than lupin and barley
varieties (Table 5).  Similarly at Wittenoom Hills canola varieties used between 6 and 36 mm
more water than chickpea, fababean and grass pea varieties (Table 6).  At each site the canola
varieties extracted water from deeper in the soil profile compared with the other crops.
 Considerable variation in water use has also been found between cultivars.  The canola variety
Dunkeld, a longer season variety,  had higher water depletion than the other species and varieties
(Tables 5 and 6).  The increased water depletion of Dunkeld is attributed to greater water
depletion at depth and higher green leaf area at the end of the season relative to Hyola.  Despite the
increased water use of Dunkeld crop yields were considerably lower than Hyola by 0.3-0.5 t/ha.
Varietal differences for chickpea were not evident in the above experiments. However, Franklin
barley, a longer season variety, increased seasonal water depletion when compared with Stirling at
Dalyup (Table 6).  Franklin used between 12 and 20 mm more water than Stirling irrespective of
sowing time.  Much of the increase in water use occurred during the latter stages of the season, in
particular between the end of September and mid-October 1993.  During this time Franklin had
higher leaf area and extracted water from deeper in the profile when compared with Stirling.
Table 4. Canola, Lupin and Barley yields, integrated leaf area (LAI days) and total water
depletion (TWD) 95ES55- Esperance Downs Research Station
95ES55 Yield t/ha LAI days TWU mm
Fallow na na 279a
Hyola 1.19884 94.4a 322bc
Dunkeld 0.674203 97.4a 343d
Merrit 0.19217 98.1a 324c
Stirling 2.58289 87a 306b
Franklin 2.85623 124.2b 309bc
Seasonal Rainfall 293
Numbers followed by the same letter were not significantly different (P>0.05)
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Table 5. Canola, chickpea, fababean and grass pea yields, integrated leaf area (LAI days)
and total water depletion (TWD) 95ES56 - Wittenoom Hills
95ES56 Yield t/ha LAI days TWU mm
Canola (cv. Hyola) 1.246753 149.7c 214c
Canola (cv. Dunkeld) 0.909091 186.7d 228.3d
Chickpea (cv. T1587) 0.926407 79.2a 195a
Chickpea (cv. Dooen) 0.893939 92ab 199.1ab
Faba (cv Fiord) 1.255411 152.6c 192.9a
Lathyrus Sativa 1.017316 108.8b 209.7bc
Seasonal Rainfall 144.5
Numbers followed by the same letter were not significantly different (P>0.05)
Table 6. Grain yield, integrated leaf area (LAI days), total water depletion (mm), and water
use efficiency (WUE) associated with Stirling and Franklin barley varieties recorded
between 28/5/93 and 9/11/93 at Dalyup (Marshall)
93ES15 Grain Yield (kg/ha) LAI days Total water depletion (mm)
TOS1 Stirling
May 3     Franklin
4595
4669
305
263 (ns)
329
349    (P<0.01)
TOS1 Stirling
May 25   Franklin
4072
4703
339
353
TOS1 Stirling
June 14   Franklin
3188
1205
204
160 (ns)
334
346
Seasonal Rainfall 305mm
Despite the large differences in water use between crops and varieties over the whole season there
were no differences between the treatments, including the fallow, prior to September.  Water
depletion for the fallow treatment (Table 4) was only 14 mm less than the seasonal rainfall and 27-
30 mm less than the barley treatments.  Unfortunately the amount of recharge contributing to these
water depletion values could not be determined.
The above review has mainly concentrated on data for the Esperance region. A summary of data
collected elsewhere in WA is presented in Appendix 1.  It is clear that perennial species do have
the potential to reduce recharge to levels which will minimise secondary salinity.  However,
annual crops and pastures do not use sufficient rainfall to contain recharge particularly during the
months of June to August.
How much water do we currently use?
The Esperance and Ravensthorpe Shires cover approximately 2.4 million hectares of which 1.6
million hectares is farmland.  Within these Shires approximately 80% of the area is used for annual
crop and pasture production while less than 2% is used for perennial pasture and commercial
timber production (Table 7).
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Table 7. Agricultural land use data for the Esperance and Ravensthorpe Shires (Sources ABS
1992, Saunders pers comm., CALM)
Land Use
Category
Area (Ha) % of total
area
% rainfall
used (E+T) by
each category
Rainfall used  as %
of total area
Non-agricultural 320,000 20 98 19.6
Pasture Annual 910,500 57 86 48.95
Cropped 349,000 22 93 20.28
Pasture Perennial   20,000   1 105 1.3
Timber        150 <0.1 150 0.01
Total 1,600,000 100 90.17
Combining land use with the plant water use estimates it is possible to calculate regional water
use.  This estimate suggests that only 90% of rainfall is evaporated or transpired by vegetation
currently covering the two Shires where as more than 95% of rainfall was used by native
vegetation prior to clearing (Nulsen et al. 1986, Farrington 1992).  The above synopsis is
simplistic.  However, it does indicate that:
(i) our reliance on annual cropping systems has led to a reduction in plant water use across
the landscape resulting in rising watertables and increased waterlogging and secondary
salinity.
(ii) the increase in evapotranspiration across the landscape required to minimise
recharge is roughly  10% of rainfall.
Can Plants Reduce Recharge and Prevent Salinity?
Revegetation with high water use species can result in a reduction in recharge and halt the rising
watertable trend.  Instances within the Esperance region of declining watertables associated with
revegetation have occurred with Pinus pinaster (Helms Aboretum - Gibson), Pinus radiata
(English’s - Gibson), Tagasaste (Dalyup) and Lucerne (Fitzgerald). However, there is no
evidence to date that annual crops or pastures no matter how well they are managed can by
themselves reduce the rate at which watertables are rising.  We therefore need an integrated
system of high water use perennials to compensate for the annuals.
Using the data from Table 7, the regional water balance can be recalculated by changing the
vegetation mix.  If the aim is to use more than 95% of the rainfall through evapo-transpiration then
the following scenarios give an indication of how this can be achieved.  The largest reductions in
recharge occur where 6% of the annual crop and pasture area is substituted with commercial trees.
This is equivalent to a network of windbreaks across the landscape similar to that found on
‘Belalie’ (Cummings Bros.) at Condingup.  In addition to trees, increasing evapotranspiration of
annual crops and pastures by 2% and increasing perennial pastures to 6% of the land under annual
pasture has the potential to halve the current level of recharge (Table 8).
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Table 8. Estimated levels of recharge associated with changes in vegetation in the Esperance
and Ravensthorpe Shires
Changes to Regional Vegetation Regional
water use
Recharge
%
Recharge
mm
Existing 90.17% 9.83% 49.15
Existing + Increase Trees to 6% of
annual crop +pasture land
93.10% 6.90% 34.5
Above + Increase Crop and pasture water use by 2% 94.58% 5.42% 27.1
Above +Increase perennial pastures to 6% of land
under annual pasture
95.13% 4.87% 24.35
Above + Increase cropping by
100,000 ha
95.70% 4.30% 21.5
Strategic revegetation and drainage
To reduce the remaining 21 mm of recharge strategic placement of high water use plants and or
drainage systems are required.  In many locations across the sandplain isolated recharge and
discharge sites may be having a large effect on the catchment’s hydrology.  Investigations by Rod
Short at Condingup have defined potential recharge areas which are associated with bedrock highs.
Strategic revegetation of these sites could have a large effect on minimising recharge. Interception
of excess water through drains and diversion to dams and revegetated areas may also provide part
of the solution.
Management
The premise that management can be improved is based on potential yield estimates.  In an area
which has a growing season rainfall of 200 to 450 mm the water limiting yield potential3 for
cereals is 1.5 to 5.3 t/ha and annual pastures 4 to 10 t/ha  (dry matter).  The actual mean yields of
1.5 t/ha (ABS 1989) and  4 to 5 t/ha (C. Saunders pers comm.) are well below the potential values.
Already considerable advances in micro nutrient management, disease control, varieties and
sowing techniques have been made and extended to the farming community through 'high yielding
cropping packages'.  Grain yields of 3-4 t/ha are consistently been achieved by better farmers on
well drained sites (deep sands).  The challenge in the future will be to achieve these yields on the
poorly drained shallow duplex soils.
Conclusions
•  The amount of recharge responsible for salinity is thought to be in the order of 5 - 65 mm yr-1 .
In areas of the eastern wheat belt of WA, Mazor and George (1992) have estimated recharge
rates to be 0.02-35 mm yr-1.  If these values are representative of the Esperance region then
recharge could theoretically be contained through the adoption of higher water use crops and the
improved management of existing crop and pasture systems.
3  Grain yield potential = (rainfall - 100) *15 kg/mm/ha (Tennant et al. 1991).
 Dry matter yield potential = (Rainfall - 50)*28.5 kg/mm/ha (Bolger et al. 1993).
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• It is likely that most of the recharge is occurring between the months of June, July and August.
During this period only perennial vegetation (trees, perennial pastures) has been show to utilise
most of the excess rainfall.
• Considerable variation exists between the water use of species.  Invariably water use
diminishes in the order  trees>perennial pastures>annual crops>annual pastures.
• For annual crops water use has been shown to diminish in the order canola>lupin>barley  and
canola>grass pea>chickpea=fababean.  There is also a trend that longer season varieties (i.e.
Franklin barley and ‘Dunkeld’ canola) can use considerably (up to 20 mm) more water than
shorter growing season varieties.
• Currently vegetation covering the Esperance and Ravensthorpe Shires uses about 90% of the
rainfall. Reducing the area of annual crop and pasture by 6% and substituting with commercial
trees, increasing annual crop and pasture evapotranspiration by 2% of annual rainfall, and
increasing perennial pastures to 6% of the area under annual pasture can theoretically halve the
level of recharge.  The remaining recharge could be contained through strategic revegetation,
drainage and improved management.
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Appendix 1. Previous estimates of crop water use (E+T mm yr-1) and recharge
(DD - mm). The figures in brackets represent the % of annual rainfall
used by the plant
Reference Vegetation E+T DD
Holmes and Coville (1970) P. radiata 0
Pasture 63
George (1978) Native vegetation 1.6%  of rainfall
Cereal clover rotation 7%     of rainfall
Sharma et al. 1983 P. radiata 1.9% of rainfall
Banksia woodland 11% of rainfall
Greenwood et al.  (1985) E. maculata 2300
E. globulus 2700(240%)
E. cladocalyx 2700
E.wandoo 1600
E. leucoxylon 1800
Pasture (annual)   390(60%)
Sedgley et al. (1981) Sub clover   116 (71%)
Wheat   151 (92%)
Cereal Rye   157 (96%)
Wheat/Sub clover   144 (88 %)
Nulsen and Baxter (1987) Wheat   231
Lucerne   455(86%)
Bari and Schofield (1992) Eucalypt 1600
Pasture  390
Gregory et al. (1992) Wheat (late sown)  197
Wheat (early sown)  220
Anderson, W.K. (1992) Low input wheat  250
High input wheat  400
Scott P.R. and Rape 306
Sudmeyer, R  (1993) Lupin 285
(May - December) Oats 272
Barley 200
Lucerne 269
Sub clover. 209
Existing Ann P. 169
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INCREASING PLANT WATER USE
THROUGH FARM PLANNING
Ray Sullivan
Farmer, Gibson W.A.
This presentation is not a “how to do it” or an endorsement or recommendation of any method or
machine used to accomplish the implementation of my farm plan or farming system.  I don’t present
myself as a “Guru” but give this presentation purely to say how we have gone about the process
and hopefully excite and entice many more farmers and land users to adopt whole farm plans.
I see these two terms as different:
• A Farm Plan
• A Whole Farm Plan
A Farm Plan makes me think of the basic farm layout that can be designed at home or at a Farm
Planning Workshop taking into account natural features, soil types and basic water management.
This is an excellent place to start and for me was the springboard for progressing to a:
A Whole Farm Plan which for me involves taking into account every aspect or the operation of the
farm and how it relates and impacts on every other activity in a sustainable manner.
No system is perfect and compromises always have to be made.  It is important to retain some
flexibility and this does not matter as long as the initial ideals and goals are not forgotten.
Fencing - This is perhaps the most daunting task when implementing a farm plan.  For me the cost
of using ringlock type fencing was out of the question - so I have developed a fence that allows me
to fence around corners and along winding contours using 5 plain wires in an electric style fence.
None of these fences are electrified on our farm as yet and we are having very little trouble
containing stock.  To run cattle or XB (cross-bred) sheep would require a slightly different
approach (add electricity).  Through the difficult times of late for both wool and grain, the above
farm plan would not have been possible without this type of fencing system.
WHOLE FARM PLANNING AND FARMING SYSTEMS
There are two main enterprises on our farm:
• Wool Production
• Grain Production - based around wheat and barley
For whole farm planning, management practices and habits need to be considered.
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SHEEP AND WOOL ENTERPRISE
Considerations
WET OR DRY STOCK
GRAZING
CAMPING
WATER POINTS
A large proportion of our farm is serviced by bores so troughs are needed.  You have to be able to
get water to the paddocks and site the trough in the best possible place.  To minimise stock
concentration damage:
PASTURE - ANNUAL CLOVER & RYE
PERENNIAL.  Maybe some paddocks cannot be cropped.
Overstocking or overgrazing has caused us some problems in the past.  If pastures are clover
dominant they break down quickly and easily in summer exposing the soil to the wind and the fine
particles of soil tend to block or seal the soil surface stopping water infiltration and on soils that
tend to be non-wetting make the situation worse.
CROPPING ENTERPRISE
Considerations
SOIL TYPE - SAND
- LOAM         AND COMBINATIONS
- GRAVEL
CROP OPTIONS - Relevant to soil type
WORKING ON CONTOUR - Advantages in both wet and dry seasons
                                                 - Less chance of water erosion damage
            - Water conservation when dry.
            - Never working up or down hill.
            - Easier on tractors
NO-TILL SYSTEM               - Undisturbed soil percentage is greater
                                                - Better water infiltration and storage.
DEEPER CULTIVATION     - To encourage water penetration deeper and
more vigorous root growth.
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WIDER ROW SPACING  - To leave old root matter in place, to build up and improve soil tilth
and water permeation and therefore holding
capacity which would lead to greater plant water use.
LOWER SEEDING RATES  - Especially in cereals to encourage larger root systems, more
tillering and higher water use per plant as well as per hectare.
Some would consider it a drawback to be totally reliant on chemicals for weed control to establish
crops but this has to be weighed up against all the other factors raised here.
Perhaps when some of our soils have returned to good health - full cultivation will again not only
be an option but desirable.
SOIL pH - Currently the pH  of the soils on our farm are between 5 and 5.5.
It is an aim of ours to not acidify these any further and gradually return them to a neutral status of 6
to 6.5.  This alone could improve the plant water use across the farm as a whole.  As all nutrients
would be available in balance.  This for me is a high priority.
NO-TILL AND NITROGEN - A common complaint of No-till cropping is the slowness of
growth in the early stages due to lack of nitrates (the plant available form of nitrogen) released by
full cultivation.
Aeration of the soil by deep ripping or even the deeper no-till methods may overcome this by
providing a greater depth of higher fertility soil.
This year we tried a machine that cuts slots or holes into the soil to about 175 mm depth to aerate
and stimulate soil activity and subsequently improve nitrate levels as well as improving water
penetration/retention and therefore water use.
TREES AND THE WHOLE FARM PLAN
It is difficult in the early stages of planning to decide how to put trees on the farm.
The reasons they are needed is obvious and well known to most people but knowing it and building
a farm plan including them requires a little more thought.
I have often read or heard that a farm with 15% of area planted to trees can lose nothing in overall
production.  The 15% of trees are obviously not all planted in one corner of the farm or nothing
would be achieved.
FENCING TO PLAN WILL ISOLATE CERTAIN AREAS and allow natural regeneration
• CREEKS
• SWAMPS
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• PAPERBARK & YATE STANDS
• AWKWARD SHAPED PIECES OF LAND DIFFICULT TO
FARM OR ANY AREA
IDENTIFIED IN THE INITIAL FARM PLAN
POINTS TO FOCUS ON:
• MUST PROVIDE ADEQUATE BUFFERS
• SALT TOLERANT SPECIES
• WOOD LOTS
• WIND BREAKS
• WATER INTERCEPTION
• BEAUTIFICATION OF THE LANDSCAPE
• PROVIDING SANCTUARY FOR WILDLIFE
All planting must have excellent preparation to ensure success every time.
The above 15% comment is probably true but requires much thought and a lot of work.
A farm plan that doesn’t include trees is not a plan at all, certainly in the Esperance region.
SUMMARY
A whole farm plan allows each piece of land, when fenced, whether it be good agricultural land or
the poorest (salt effected, rocky or waterlogged, etc.) to be managed to its potential.
Planning on a whole farm basis has allowed me to focus much more clearly on my objectives for
the farm as a whole as well as on individual paddocks and enterprises.
While developing a plan for your own farm you may have to consider entirely different factors.
This doesn’t matter as long as they have the key objectives of
water use,
water management,
sound agricultural practice and
sustainable farming are all incorporated.
While many of the points raised by me might not necessarily increase plant water use on their own,
they cannot be viewed in isolation, they are all part of the total management of a whole farm plan.
STARTING A FARM PLAN
FIRST PRIORITIES - FEATURES WE CANNOT CHANGE BUT CAN ENHANCE
• CREEKS
• ROCKY OUTCROPS
• SUMPS OR WET SEASON PONDS
• SALT SCALDS
• REMNANT VEGETATION
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• YATE AND PAPERBARK SWAMPS
• ANY FEATURE THAT DOESN’T SUIT
A FARMING SYSTEM
OTHER BASIC CONSIDERATIONS:
• SOIL TYPE                        } Equally important &
• WATER MANAGEMENT } dependent on one another
• GRADE BANKS
• DAM SITES
• OVERFLOW MANAGEMENT
• INCORPORATING PONDS INTO
WATER CATCHMENT SYSTEM
The calculation below demonstrates the need for a good farm plan. The amount of rain that falls on
our farms cannot be possibly used by plants alone - particularly during large rainfall events.  In our
attempt to use the maximum we must also have the capacity to manage the excess if it occurs during
times of little or no water use by plants.  This requires networks of drains and dams designed to the
contours and the safe use of natural gullies.
HOW MUCH WATER FALLS ON A FARM
TOTAL FARM 2200 ha -  2000 ha FARMED  -   500 mm ANNUAL RAINFALL
2000 ha x 10,000m2 = 20,000,000m2
                         20,000,000 m2 x .5m rainfall = 10,000,000m3
1 cubic metre = 1000 litres
10,000,000 m3 x 1000 L = 10,000,000,000 litres
10 billion litres or 2.2 billion gallons
Growing season rainfall:
  300 mm = 6 billion Litres = 1.32 billion gallons
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INTEGRATION OF HIGH PLANT WATER USE INTO FARMING
Jeremy Lemon
District Leader, Esperance Agricultural Center,  Agriculture Western Australia
The imperative to increase landscape water use is becoming increasingly evident as watertables
rise with their associated salt load.  Productive agricultural land is becoming saline.  Plant water
use studies show the relative water use of the range of vegetation types from sparse annual pasture
to block tree planting.  Annual crops and pastures do not use all the annual rainfall and infiltration
exceeding plant water use percolates to the watertable mobilising salt stored in the soil profile.
The Esperance area is characterised by extensive clearing of released farmland.  It has mostly been
developed since the mid-1950s when large tractors easily cleared the low heath, scrub and mallee
over the extensive flat and gently undulating landscape.  Most vegetation left in the landscape is in
reserves and blocks, unprotected remnants on farmland have been rapidly degraded, even
eliminated by grazing.
Esperance Downs Research Station represents an area of initial sandplain development.  The
station was developed over the period from 1949 to 1954, a few years ahead of the rest of the
sandplain.  In 1990 McFarlane and Ryder reported that 39% or 234 ha of the station was affected
by salinity and waterlogging to the extent that cereal production was no longer viable.  The decline
in productivity has only taken 35 years.
While excess water in the landscape is a threat to production as shallow saline watertables, the
water can also be seen as an opportunity to increase plant production by harvesting this before it
percolates beyond the root zone.  Deeper rooted and effective perennial species can use water from
deeper in the soil profile and use out of season rainfall.  These species need to have some
commercial or environmental benefit if landholders are to plant them extensively.
There are a range of high water use plant systems available and being developed.  No single
solution will work in all situations.  Differences in climate, soil type, drainage and topography
need to be taken into account in order to optimise plant growth and resultant water use.  A
lupin:wheat rotation will not be effective in a waterlogged area nor will blue gums persist in areas
with less than 600 mm without harvesting more water than rainfall on the planting site.
It is essential to match the plant types and species selected to the Land Management Units.  There is
a big range of LMUs and their potential for plant growth.  The table indicates some of the
possibilities for increasing plant water use compared to existing traditional farming.
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Sandplain LMU Traditional farming High water use systems
Very deep sand and deep
white sand > 0.8m
Poor annual pasture of
weedy species, serradella
Lucerne, tagasaste, veldt
grass
Deep sand with yellow A2
horizon > 0.8 m
Annual pasture, poor sub
clover, serradella
Lupin, cereal, canola,
lucerne, veldt grass,
tagasaste, pines, bluegums
Medium sand 0.3 - 0.8 m Annual pasture, barley Lupin, cereal, canola,
lucerne, shelterbelts, Pinus
pinaster
Shallow sand and gravels <
0.3 m
Annual sub clover pasture,
infrequent barley
Alley farming.
Waterlogging tolerant
perennial grasses.
Yate and paperbark swamps Uncleared but grazed out Revegetated and protected.
Mallee LMU Traditional Farming High water use systems
Scaddan and Circle Valley
sands > 0.2 m
Annual medic and
subclover pasture cereals
Lupins, cereals
Oil mallee, lucerne
Scaddan and Circle Valley
sands 10-20 m
Annual medic pasture,
cereals
Cereals, canola
Grey clays and loams Annual medic pasture,
cereals, volunteer clovers
Canola, peas, cereals,
beans, oil mallee
Kumarl clay loam Annual medic, cereals Peas, cereal, chickpeas
While there are several proven and effective options for high water use in higher rainfall and
deeper sand land management units there are fewer options on shallow, waterlogged or low
rainfall areas.
Together with the range of plant species to incorporate into high water use farming their placement
and design in a landscape context need to be planned.
When considering trees in the landscape for water use they need to be placed so as to use water to
best effect.  High recharge areas such as sandhills and sumps should be targeted along with
discharge areas where seepage causes saline scalds.
In less defined recharge and discharge areas the high water use component of trees need to be
spread across the whole land management unit.  In this case agroforestry, alley farming and belt
planting all have their place in achieving higher water use across extensive areas - not just isolated
areas.  The tree species used may have some future commercial value as sawlogs or chipwood.
Current interest is in blue gums and Pinus pinaster but many other species have potential.  Fodder
shrubs may also be used as browse to supplement dry feed between the rows.  Species that can be
reliably direct-seeded such as tagasaste and Acacia saligna and saltbush are commonly used in
alley farming systems.
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The final consideration in building high water use farming systems is the economic aspect.  Any
changes have to be financed and have some return.  Commonly the returns are well after the initial
investment or not directly measurable.  In making investment decisions you need to use advanced
analysis techniques such as Benefit Cost Analyses projected over the medium to long term.
This will allow some form of evaluation which takes account of longer term cash flow together
with estimates of maintaining or improving production and allowances for off site effects and future
income from the new species.
Increasing plant water on farms is a complex undertaking needing to select appropriate species,
locations and designs while maintaining productivity and returns.
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FIELD TOUR ITINERARY  - Start - Esperance Downs Research Station
(Notes prepared by Volker Mischer - Trees on Farms Coordinator)
1.15 PM       EDRS  cropping, perennials, drains... a  “TOTAL FARM SYSTEM”
2.15 PM - 2.45 PM     Afternoon Tea  with discussion and questions on the above
2.50 PM 0.0 km START AT CNR. BROWNINGS RD. AND HWY.
( on Brownings Rd. driving west )
Travel 1.45 km STOP HERE  2.55PM - 3.10PM
Waterway leaving EDRS, this is a tributary to the Dalyup River
A buffer has been planted to increase the total amount of vegetation, strip nutrients and provide
both shelter and limited feed in future years.
The same system on the southern side of the road has been fenced to protect the remnant vegetation
and at this stage no other vegetation has been planted.
Species planted include:- Sugar gums, Flat topped yate, Sheoaks, Paperbarks, Brown mallet
At 1.9 km SLOW DOWN AND LOOK
Waterway leaving EDRS, once again the system seems quite stable, buffer planting in place on the
east and northern ends plus a good mix of remnant native vegetation in place.
At 2.3 km SLOW DOWN AND LOOK
Even though these sections are fenced they require additional vegetation, in time as the water
imbalance is managed upstream and in the adjoining catchment the lower areas should stabilise.
At 2.8 km SLOW DOWN AND LOOK
Saltbush and fringe plantings, note that the adjoining areas require attention, ie. perennial
vegetation of varying types to assist the overall condition of the area. It should be noted that
plantings fringing waterways also provide shelter for stock, act as windbreaks, allow for the
development of understorey and can in time provide limited grazing during periods of stress.
At 4.4 km SLOW DOWN AND LOOK
Some remediation works, saltbush, fringing plantings and remnants.
Often the scenario for these types of areas is to :-
Stage 1  fence out the remnants, which may also be the weakest sections of the system,
(waterways, saline areas, remnants ) this eliminates pressure from stock and allows regeneration
where parent material still exists.
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Stage 2  plant additional vegetation within the fenced area to provide a barrier between the arable
and non arable areas.( this also provides wind protection, slows water entry into the system and
often halts the saline encroachment onto adjoining land )
Stage 3  install upslope plantings to establish primary windbreaks and protect the most fragile
areas
Stage 4  develop secondary round of windbreaks, possibly an alley format across the majority of
the farm
Note, At any of the above stages improved cropping practices can be developed and or perennial
pastures planted in those areas prone to blowing or waterlogging etc., it is sometimes easier to
operate on a broader scale than to try and exclude many small areas, planning and rethinking the
way in which we previously operated is becoming more and more necessary all the time.
It is not suggested that this is the only format in which to operate or implement works, but it is
based on what generally occurs given landholders limited finances, additional time required to
implement these plans and the extension program still required which suggests this is part of what
is required to address our current degradation issues.
At 5.1 km  turn left into Ray Sullivan’s property   3.25 PM- 4.00 PM
* note the early stages of work on the property on the north of Brownings road.
( fencing, revegetation )
View Ray’s Farming System
4.00PM  leave Sullivans and turn left onto Brownings road
At 0.6km SLOW DOWN AND LOOK
Major tributary of the Dalyup demonstrating the effects of increasing salinity and declining
vegetation levels. Note the remnants of paperbarks in the middle wet areas.
At 2.4km turn left into Hockey road
Note  The pine plantings on the left side of the corner, this may present a commercial option for
landholders to consider on their properties?
Although site selection and the planting configuration must be given a high priority otherwise the
plants tend to suffer from wind damage (single row) and uprooting (due to the shallow profile),
both of which will reduce potential income.  It is necessary to rip effectively and install multiple
rows and select sites suited to your venture.
At 2.8km STOP HERE  4.05PM-4.20PM
Waterway across the road, fenced on the west side, erosion and siltation obvious in the system and
possibly high levels of salinity? Does the area appear to look healthier on the western side?
What could you do here ?  -  General Discussion
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Travel south towards the Gibson/Dalyup road
Note the various activities undertaken by landholders on both sides of the road.
At 6.7km   turn left towards Dave Johnstone’s “IRELAND FARM”
4.30PM-5.00PM
View Management System
5.00PM Leave Ireland Farms
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Field Tour Map
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